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I
I. 1ntr~)duc’ti~ n

I . I . lb i’ e;s s

~!11’J3H S~ ,~ 5 ! i i 5 f’ o~’ ‘n !v fo lu ln :  c ; —  ‘o r ”’ ‘I’~’i]  : ‘ , ‘ ‘ ;~~
‘ H , ?  I : ’

~~\‘: t Oni . “ It , ) ‘ f l t l f l  r ’ ;~’ vtA iv L i k - ’ :1, 1’ inn I , ‘ L i i  ‘ ‘~~~~ A ‘
~ — -

~ 
‘
~ 

( 1  r~~~ ;

I ~nt ’ n t:r) , r~~~j  1 ts ~~ i :’p .-~~~~ I’: to i n t l ’ H  :‘o u’ e’r~ r ’  i.al ~~,iv L i ve

I 
Curie tiori i ’ (~:) ‘y ~ :;i ‘~1 ‘ el ‘ :. ..‘ e -L : r k ~ : f ~~~

L e~ !)0n I

[l ine ~‘ i I ~5 r A ( l t  t l ; ir ’ l rn  I t ,~~ :: -~ ~L ; A I  ~~~~ ‘~ O /0  ‘ 1  1 ‘ O~nt Cr~r,

MINOS allow s you to re: L r I e  t I~ ie var cle.~ x To nome ‘~ nn I b i e

I ~~~:ie spec if In I 1 L V  n n ’ et of’ I ‘ i ~~nr  ‘ic: , 4 r u~ tx ~ h) r~ a

set if upper ani lower s ns  I~~ I ,  
—- 

H . ‘. n;’ c c L ~’r , the ‘rwitr ix

I A ;r~~ be 1’~i- ’e n~~1 sp~ rsc-. ‘ ~ i : ’ -  I crc, b e ‘;‘ ~~~ L~~~~I nni  spar se , or

n ’!en small an t  ICtISC; I ‘ A  ‘ ‘n e ’ ‘1 , ton nn’~ii1ui ’ ‘s ’ I i ‘ ; I ’?I ’P the bet ter .

1 ieally your obj ec t ive fur ;’’ i on f ” .~) shoo t i i-c nm ooO ,~ the

I nonlinear ~ fl. of I t ~tho ’~~,1 i r ~v e l ’ ,”~~nr :  ~~~~~~~ Of tb’- c”omponents of x

ior~-ihie , ~~li  ,yu~ n h )  c Oi know h ~ to e iu ’ ’~ I ‘ th e  .~ r” I! n it  vector

I ( x~ ( ‘ f ’/ ~ )~ .) any f e i n ’  ~~ flt

I WI to thn important va’- Is O jA n ;  I ’  O ’i ~- e I we will niw leave

no example problem to spenk H i ’  iO~e b ” . the A ’ - ,r ’ :~~rHec ’  of this section

I ponta l ‘in !he

—— a ate’ y ier i 4 of the r rot i iem;

—— a Fortran sutj routir i~c to compute f ( i )  I I  L~~~L X ) ~~

I — — i n p u t  ‘ard s to be read by MINOS;

—— the out.put prod iced ~1uri r ,cr solut i on of the pr~~~Le ’n .

-~~~---
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‘lbs r ” - cs Icr  should not nxpe e t to sKI , - ‘n t c i l i  I all L teats jmjue’j I ’ Te tj .

I I ’weVf “, the ex amp le should he lp to le te rln L rln if’ a pa r t i cu lar  p r obin~r:

in of the requis I t n  f’or~n , in I may serve as a uset’ul r e f e renc e tL’ r-e —

a f t e r .  Note that “x ” in this examp le in b c  vector (x , y, z~~.

ExamD le 1
2 14

0b , 1 n c t ~ ve :  minimize f’(x , y, z) = x + (y — 1) — + z

Li near Constraints : x + y K 2

x + y — z ~~~ O

Bounds: x a o , l~~~z~~~ 5

Nonlinear Variables : x and y

Fortran Subroutine to Comi ute the Nonlinear Part of f ( x, y, z)

and its Gradient

~;IJBRUU TJN E I::AL irI~
( HOL E .r~ I . ’: ~~ ~~ ~ I~~irI i~ ~!‘ I ~~I :t E : :

II’IPL 11:11 PEAL+2’ H—H , I I — A ’

uir ’i Et~~iOt -~ : - :  ‘ ~~~~~~~~

EI .IALIJHTE FIJF4, _:] I ~:r- i I- HF WI iPi—i C’ I ENT ‘~~ ~iT (u i -PEtIT :1 1 ru
I THE INTEGER fl WILL hE 2 U-I TH I’; ~~‘h1-IPI E . — ,

T = ::‘ .:‘ ..‘ 1.~r = : :~ 1 : ++.E’ + T4+L+

Lf ~~~~ j 4~~~~4f ~~~

PET IJPH
Et’IEJ

(The parameters of subroutine CALCFG are defined in Section 111.3.)

2
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• T” 0J~ 1 1: ,  L lnt, rod-

Ml N - A , - 
-5 C , f h ~ ‘ A 5 ‘ A S  

~~ 
O, A A’ I I A I  I : , :  ~,‘ rcs ,’ I t-  -C 0 ml z - a ii q~ :1r’ ,,r

f l ’ n i ,  I A - ’ ‘ s A ’  C i S A  t i ’~:i c c ’  i t  ‘ ‘ - ‘ L to 1 r ’ O A I  t ’ C a r l .  c’ ~a i c i  , ‘ I ”  r, ~~~~~
- rn j -:

1 €  rm, ; i s  - i 0 ; -A N S u H  0 ’ ~~i I  IC  1ci’ s t L ; ~cnn of t,li ’ - i - ,~ J ’T1A

ni c rI c cAA ~ ze f(x) 3

F:

S L I , j C t  10 ‘ i ~ A - , I -~ x - T  - j

— ‘ i v a n  t .h : i  ~ , ~
‘ (x)  is n c ont inuous :11 f f ’~ i’e c ~nb1 ,~ func t i~

~~~ I 1 ~ rn~i l - — n t  Vf(x) = [ ‘ ‘ f ,!” x . l  -= g ( x ) .

Lii ,:t1 PC’- ) t  -l ems A - R r n O  f’ rOSA small , WI’ ols:  ~ so Lrio r l opt m i  I s  ~c t. ion p roblems

through c onstra,ine :~ l inear toast  squares ( d a t a— f i t - t - i ruI ) models t o

lni ’ , ’e~ :;aaie l f n e c i r  pr ’ ,~~~ r ac~~~: wi th  (or wi thout)  nonl inear  terms ~n

the ol j O n  tive . Is :~~~ -SA l the - - o:intrri ~ i ; t  na tj ’ i x A bs  am rice I

be lar :o nci’ l  : :p : s c ’ :s - .

F w A j c ’cc- ,ns t ,ol t ths- synO ’m is an e f f i c i e n t  and r~~liable imple—

ment at , 
~ O 1J of the rev : ~‘~-i simp lex method for ii : conr  pro , r r n r m n i : ~~ (~~) •

Th 1 ’  cc~~b I A ce:r; established s p a r s e —ma t r ix  teehnol-~i Ty w i t h  stable  n c w c r r ’ r —

cal m’~ ~, t A O . i ic for ’ c - em s ’ :  t i r -~r rn , i  - : ol i t ”y~ s~ r a t r i a ro ’- i l r s r  fac ~r’ iz at I ‘ci

of th’~ ‘i ’: un i l  A qWI SC: haS is u S  t r ix  L1,~ The c ~~~€: iS ir:1 .ende’I ~~ be su i t—

able for ’ p rod uc i ion runs on purely li near problems . The - t : , t e  t onTru n

used for vorious f i les  therefore follow those adopted by current -‘

comnie rc i L , l mathemn~ i ’al pr s .)s~rarnm i ny sj s tems . In p:sr -tiC ’ :lnr , the

~The theory of the solution techni que i s  described ~ c u a c ompanion
pape r , Murtagh and saunders (1976) .

~Dantz ig (1963) .
t aartels and Golub ( 1969) , Harte ls (1971) , Saunders (1976) .

8
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: ,, , “ ‘ - - ‘  c f - c t fl S i  I - ‘ IS”] ( , ~‘ A ’ ’, j~~~i’ ) A , - ~~~ 
A ”  ,~~~~~~‘ ~, : ‘ .~~ 

I t , ,-

- I - :“-‘ i n’-l ‘5 ‘~~~ ~ ‘SY” I —s - ’ o’I ~‘; i i ’  - ni e A An T AI  ., ‘- ‘ -  t A S s ’  -

t f l , ( ’ f l~~~ I Ou t - t , } j s -  
~~~~~ ‘1:5’ j~~’ , If-’ A a- ’ . cu ~ - i r  i - s i  :,‘ t , tj  I ’ RI ’- ’ /

S O i - , I ‘‘ - I - — :1 ‘ A ’ ’ ’ 0 ‘, ‘ A ,~~ ~~~-
1 ’ 5 ~~O . J L ‘‘ ‘ I’ i A S - A l t  1,,i~ ~‘ - - - i

OAt -a c : . C a , F j~i : ’ l ’ :t’ i -— , ‘, I ’~ -‘ I ’ ! !  i i ’ ] ~~‘-_ ‘ 1 - — ‘_ :_ -IT __ . - _::_:.~_~_i_,:._ OA ’ A O S ’

- S I ’ th ,~~A I - ’ - s u n , — . I l i ’ -  -
~ i c r u F ’ A ’ - A~ r Au-T ’ A h ’ ’’A ‘3 LV1d ’,5 , ‘,‘o , ’, ’ ’Y A T A  ~ Q J A J I

- f  - i s ~~’nri-i . t o , a ir - ’-  I n  ‘S :- , l , ’ - ’a t t . s -  s I - s icy. ‘r i O~c’l I - 1 ) A ’ C A , t O I A I  f” ‘i,’-

i ’ i t  A S I A  iC” 0 ‘ - ‘ ‘W c i a s s ’ ‘ ‘c ’ r ’ c a i ” l - ’m , ‘fI~- s~~’ l  ~“ U. I--  -1-110 1 ______________

A ’~
) ’ A l  c a s i c  s r i  1 - IpC A ’bSS 1 (: V A I T ’  j A ! ’ -C5 l A S S ] , ’ - S I “ ‘ A - ’~~1fl ~.h I r bOW L i , , ,

1: ct  in  the i-oh : -t~1— r’n i - ‘is ’: I iA o i ’ l :  ~~~ I ”  : ‘j e:: o r e

? I I f f ” - c ’ e r u t .  ‘‘ .ipp n i l - -  I Nore ore  nrA ‘ A ’ ~~~’51 cl i  I i ’ ‘,03J’ ~~i - t / L 5 :’ , a t  some ic~

p 
‘fl, om-ic a r~ e :- : .- .~ : u s c a l l y  tO’ee to -no .~~: l u  soy iC- S I i ” t , 0~- ‘1 I : ’- c ~ l OCAL , iin ::ie ly

s i ~ ’ _ ’ ‘ s ‘ t  wil l  ‘ ‘ i T A l y ’ : + , ~~, ~~~~~~~~~~~~ - : ‘ i s i s ob ie ’: L- A ’!(’ ‘ 5~~Ci I~~~i A ;  51

‘:-i’f- ’n t ::e~j  p r ov ~- I ’ -  icho mr A v ~cis “ - s ’ o .  j li - l - c ~ - I n  y o s t -a o l ’ ’ ,; C a ! A

- 
a - i ,jcim~ o I so thst ’ t , }A sr I ,;et . ‘ - A ’ r ’, L ’ ! R h L ’- .A x sem i cur ‘ens U - ic

- V A  i n  respee t, t-o ~-} uo I ineci r C O A A . C i r’Si ’ :L~ . tf’ ‘, ; A ~~- Sr s th’  t, no Lrni , r ’nv :- —

;~u ’ - ~~u t e :in he m a — I ’ -  w I  .5 t, V u s : -- .J r ’ S’e:, t L I - C A o ’ ‘ : ~~s ’ : i ’ t - u s . - 515 , u s e (or  more )

of’ ‘h c: - ,f l l ,- A , ; 2 1 : ’ ’ ,’’ s l ’  c u t - i s - S  -; s,’ ’ 1,ey~ , s” i I,o t - ~ - ‘ ‘ n  ~~ -- -~ - t ~~~ :~

fl I no r ” r n r e - j  FOld thu ~- i ’ 5 i A 0 S 1 A  I S A ’ s l i S ’ A i  t .  i . A m , a LI  -c t o - es, I f ’  a bna.~~’

or s-l 1e:’’, a c : i -  ‘-ia r i , r f i I e  sc F t r’ oUn t.-’ss - : os - ’ of c t , r: - - S i i r1 ( i 1I , 8fl -S t , ] ’F S t ’i1s I A A

I l~ r u ’ - - -j s: ci which that  ‘far ¶ a ‘ic _: 01 to - o c u l s ~~~ ~~~ ii~ i i  t h e  1- , s~ a ]  number

5 01 ’ r : .
~~1,l~ m a c  ics 1;: sc I s o - i  by I.

N ’ s l f o  ~1~)(P , 1’ s~ ( i .

I



H , ,~~1’ , ! L’ifll) -i lin t’ w i Ltu I i ’  ISA ! h i t  - ‘ I ’ l . c’ s -’ i .  tIfl,- , :  i : r i m - t s u x  ilis:t,Ii )

lur I us ’ sx~t~’ t , ]y l bs  ot  ‘ t v t ;  j ] ’ ~ X A f — ? S l A , N 1 I i 1  run s )~ - ’ i i  1 :1 , 1 u~ ,‘ - t , fi ’uefi 0

c l i , !  1.

A t  SIAI ,Y ~r i  V ’ ’ r u  - c t, cu r s- ’ , t u t u 1 u ’ J J T Ik - t . A l ’  of ;:‘ii. s ] ’Isc ] LA ten (A u . ’’) IAO R E A S I I ’ S , l

‘ ru ’ lj o’ ~ 5 ’ .~~~~ - t h~- :‘s rr ’s t p - . t n t -  x i n  f i ’OIii  c v o r t e x  of’ the (
I ‘S~’lO X ( l , O i - ,’ t i t -c - -irofl ) I s u f l i d  r~ the t y u ’j  his  I51~1 I O f l . i t t  o~.hs r words ,

;~ l i e ~: ; -  O ’sO’ ,Y ! O l s :  on a 1’ -ur ’- s..- of the polyhedron , which lel’i ’i ’so II s cu t —

‘ .
~~~ o~~~~i t - ,t i s c r u r c  - F A A  u - n . An .i~~~ort ’aiit  p ar t ,  of Mi t -t OO is: a stable

imp 1em~n ’ ‘i A  or~ C- ! ’ a Q U R S A  L—i ’Jis wtoi ~ (or ’ -,r r : r t a h l c~.m e t r i e)  ‘nc’t ,had f’ - ,r ’

o p t i m i z b f t - ’ the supe rhasic var iables  w i t h i n  each ‘appropr iate suhupace.

Th L; method Une , l ii i , r i a r ~~1],ru r m at r ix  of dimension ns to approximate

the red uced h1es~~ian ( i . e . ,  a suitably transfox~ned sub—section oF the

;na t r ’ ix of second der iva t ives , {J f / u ~x o i x . J ) .  Good rates of conver—

5Ofl : ’~~- are usually achieved .

If the number of muperbasic variables ever grows as large I
- 100 or ~0O the s torase required for the quasi—Newton procedure

- a , m ~ ’ ;: to bec~~ne excess iv~~. In such cases MINOS will c omsence using

a ‘cOrIJ u~ ’dte~flradiefl t method ,* which requires very little stcsr r ss b e .

The rate of c onvergence normally drops severe ly, but n i  present this

Lu the only pract ical  alternative For problems wi th very many

non ! i near] t u - -n

The C t ’ a i o r u p t  -sI’ cruperhasic var iables  can I-c  va luable  even for I
pure ly linear problems. As an example , the solution to a pa r t icu lar

problem may provide a feasible but non—v ertex starting point for a

modif ied version of the problem (e .g . ,  if the bound s were a ltered on

‘Anne ruonhaslc variables). The r e — s tar t i n g  features in MIN0~ allow

~Dav Idoru (1959), Fletc he r an i  Powell (l9(~~).
tFletcher and I~eev ’s (19611).
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I

I the lr : er ’  to I ok- a’I~~uut — ‘ - ~~~~
- - -n ’ ‘ ~~~~ ~ ~~~ : -

~~~~:-  - - - : 1 1 , .  ~io -a ] - n : ; : ’:

rout 1 :ie io\ ’ — t , M [ i J i f ’  c l I . A , O  ~‘ ‘‘ ‘‘I i - ’  -a A r - - crc  , i , ’ A t ’  . l t t I 1 u t  ,vru ~~ ’h ‘- -~~p’ ’ r ’ i —

Al ,c] l tS  c5X’u L -~ Ps!r’t ’ l u - A U - : ’ !  i l L  J ’ , u ’- ”~’ ! ‘u ’ -i ’r I ’ , ; , , ’ w’c ifl~r u) : ,— t c i ~p l- ’ x ‘;t ’lp : ,

pe rhapr ‘i,’ l t , i i  a vi- v i, ” m’ —s- .i - : ’ c I - s  -‘ i , - u r r : , c s ]  ‘ u r U r u i - a i ’  01’ b s r A s ? l or, o, r’sç’i : rf : - l .

[ . 0.  The (, c t - ’,~ a c m i C a 1  F- ’jr-’~

W i t no- r~ loss of’ . ‘~- ;cermuIit 1s ’ , pi si ’le;i 1- cs ’; cc -0_sarri’, in

the form

minimize V(x  ) — a -N on , i

j subject to x . , 1

[A N A 1, h I I  :‘-- 
= ~~ U

I Al

I given Vf (x N )

I
I

whe t o  the follow i ru . ; t -Ici ’ in] t i o s ,A  bol l

1 x ,~ 
-
~ the nonlinear var ~~ !-Iea , I . u .  , t h o u : ’ ’  tha t are direc t ly involved

hi the functIon

the linear var lab l ,~~~ 1. s- . , the rc i Iu: .i tul] i~ u ,~ri
, - ‘F x.

-= the ri~tht—ban d si~ie v e r i m s t s i ’ - , wh ich ha , bounds up — 1.0

g

I
- - — ‘



S -U - la’’! ni’ u i - ’ - !  ‘ : u 5 ~~’t ’  ( ‘ ‘ i t : f - s ’ - ’ - : -  1, A r -N - I ’ ’

u 
-~ I s o  l ’s ’ - I’, ~ or 1 i i !  1- ’ ‘ u- ‘ ‘ - c r , ~ -- - c c ’ I l l  I A I : - -  u ,  A ’  ~ -~ l~~’ i (it ’

:1 1,! ’ -  - s b - ’ I lie i ’ r ’ ’ - s r i .  ‘f lue I~ s- u ; s- ~ In :- s’ -
~ I - ‘ . I’

t I ; i _ _ u 5 ’ s : - _ 1 1 ’ ’ ?  i i ,  A _ lu ’  C :,)’ , ’ I  r I i l u : t .  55 15 ‘ 1 ~_ A - , ; ;  
~~ I ’ - - ’ ; . I

- I -
- ‘  ‘a A l  , ‘:- x f . — 1 , Ni I i  A; r~~s a ‘r i ’ s  v-a r’i ~~ to .01- u - ob ,j

1- l i ’ ?  AnAl ,1- ’ l u  ,.,r: I l t c I Ii ’ C ~
r 0 or 1’ C L i ’ : t - I i s s ’I i n  F . )

-~ 
= [A

N 
A
1~

All - - the s 1A A b ’:t’ - 
~~

‘ j’u~,r -a

o i i i - :  o’j :r ,L-, - 1’ ‘5.’ Cu . ) t imtiu in s.

ran - t h e  number el non l ir a - - c i r  -j a r i cub le s  in  x .

ns Ln ’r number of r c - n - ” r t s a ~~ic var iables .

At , any p ar t i c u lar  :ctc,, c, the r’olurrins of [A b 11 are imp lic itl’~

or’ ! --r red as follows :

ni A l A  t 1 — an

[A t I~ P = I~ F N

Baath8, as ‘ul
simp lex method r~upe rbni s !cs ( v a r i c s t - l - - s  at  uppe r

O~’ [ C’w’C “ , : ‘s . j j j : j )

A

where P is a permutation. The nonlinear ve rb - al - iou: may end up

ci c uy’whur re in h- i , F or N, and similarly the superbas ie var]ables i,ii

S may be linear or nonhi!i er- )r .  The only require a~ nt i s; that the has1~

matrix B be nonsingular.

I’ I
I



The above partitioning shoa l I u s  r” . r u s : ; r u l ’ u u u ’ e ’ i  when interpreting

n-i f-p it from MINOR an-i when ri -~ .I iV y I n , .‘srtcj in t - r i ~~ ~ t h e n  f’( i I ’  input.

I
I
I
I
I

t~1
I
I

-y

- t

fl 

- -  
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II. Nonl inear  Prob,1ent~

At any - Tv - en  ;ct:p ~e , the r€.” l s n ’ s ” i — ~ r’ ;i ’i j ’ ’n t .  me- c thor! regard s the

I ve as’ I l l ’  sasentisilly i rn cor unt, ra i n ”-l f ’ cary ’t ion  of’ the u’cuper—

! iC : is v’s r I ~t’l’us alone. (has ic cm ’! nonbas ie var i c~hles ;ir ’c olin ! nrs t,od

i ’:’ tu ers ;i,’ - of the act ive  c onst r a tot ,a . )  it is therefore pcm ani .ble to

i: ’ -~ m o u n t  rn ioe’I opt imization me thod s on some “reduced funct ion ”

of’ the ns superhasic var iables .  O’,1l h u ’~no t h a t  the or iginal

ob j e c t iv e  has gradient  g and Hessian G ( i .e . ,  the mat r ix  of

secc’n-i part ial  der ivat ives) .  The gradient and h-h essian for the

reduced function re then zTg and Z~GZ, where Z is define-i in

terms of the current basis as the n X ns matrix

—1—Il S in

I ns

O n + l - m - ns

ns

Note that it would not be pract ical to compute Z or ZTGZ

(assuming m to be large and ns to be more than 1 or 2).

Any unconstrained optimization method to be used must therefore

make do with vectors -d’ the form z
Tg or Zp, which can be computed

with relative ease.

111
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1’

I
I I . ~ The ~,uas I —N ov ton M.,- i .tso- ’l

I Whenever n to r ’n ’- , - j i - u s —  5.  - , cs: n j - ’- ’ I f  i~~! I ’:,’ a Ii  ‘[t[ I AU 1) LMET ~[’ [Oh

l A S  lie SPECS f i le (A s ; ” -, ,~‘ - -~, I - r r i) , I- , Y’ , -) ’~ ‘r ,~j Ls t c .u I s s , s  a

‘;( ;
~,‘~~ r~ .‘,~s pu ’ im X Lm3~~ i o A ,  f , , u I. ) ,- - - --‘I : ‘‘ ‘ ,i ;Cu;.  Inca :i i s :

I’

‘1’ T ,,7il R Z

I

E wh Orl - ~ is a - lease , norm Is , ,  sil: 1’~ cpus: I’ r i  0!, . ~~j I-a r 5- -, ~ , r ’ i x  of

-d imension ns. This normally p r e~’I - Iua  s ui’oI ’l J A ” - S I ’  c onvergence to

( a sn i n im a T  w i t h i n  the ru si ! s : ; p ;o -e  def ’ir ae l by each set of superbasic

var iables .  The fast orized Form h~ I” is , I - m ~ I L ’ i - i - l  by the fact

I that ZTGZ must be posi t ive det ~ r, b te  (or a t . least semi— definite)

at such a minimum . It also ~ ru,arantees that t t ie  ea~uations

I R
T

RS _Z IS, p =

I will generate -a direction p alory which ths. - original objective

I 
- ,‘,ill -decrease (since the pro jec t ion of p a l. or~ the ~r’a’i ient is

= 
TzT T~T~~ —li Ro ll , < 0) .

I Various modif icat ion s  A i r’s made to i~ ash iteration to

Si t ’  - oscit [‘or new curvature I s, f’ ctx ”r ru t I - v  -an-i t o al low for changes in

I the number of :superbaslcs. For example , wh o ;; ci nonzero step is

taken , -a r~ew matrix ~ is computed in I.WI- :;1 ,Af ’ t’~,l to satisfy

i q’
• tt~~~~~= ! i l ~~~+ v v

I

1 15
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l ’O!’ SOAR ’ ‘100 t I ) ~ ’, ~ ‘ f i O l  w (which ore iutersn i rio -i by the so~sa iled

“ s aa:p ~ ‘~‘;r - c i  t x”j ~)I- ’J “ or “ i s i -  ; ‘ i a  i~ n - i i : s , ~~~. -~~ • , see I~ royden ( ‘(I - )  ) .

n” ; ’ i ll of’ ouch apcs’a I si ns  -ass  If h-s b r iefly  indicated in the

o n t ,  I - - : ,  o - t y  two integers I abe l i i i  “P~~” (short for Rank—one

Ic -~1 i  a’ ,; )  . i s a  s - - ~~~ -~ ‘- -ci, t hosc~ numbe rs are :

pUL ’ it  I 7~~ i i ’ hO nod I . t ’i- .~at’Lonc we re suocesoful ;

-,~ero it ’ tl ie charsi ’s jj~ re j as:e-j ~:radient was too small  for “

ar ,cl w to be meaningful  (in which case Ii. is unaltered);

‘iei ci t i - ,’e if numeri c al err or prev ented a part icular  modificat ion .

As ~otlie r useful quan t it y  appearing in the iteration log is

an e s t ima te  of the “condi t ion number ” of RTR See the discussion

of H—CONDN in Fection ‘i’ll ; also see Section 11.3.

11.2. The Con.iu.g~te—Gr~dierst Method

If insuf f ic ient s tar -r i s e  has been allocated for R, M1NOS

will discontinue t b -  quas i —Newton method for irenerating search direc—

t. on.; and switch to 11 conjugate—gradient method (which does not need

R). Th”~ dimens i on of R may be specified separately f rom the upper

l imit  on superhasics , thus :

SUPERBAS ICS 200

HESSIAN D IMENSION 100

‘11- , 

~1



In th is example a cars , i i~ ate_gr’ad l u s t ,  methosl W t  ~ ho i;;ed i f  the

number of superhas h-cs -:~x - ee’1s 100. ~, c o ;  I — fls ; -’,’;Lo ;, I ,ora tions can he

suppressed c ompletely by the c a r - i

I iE~’: IAN )IMhN~ iON 0

(The total no. of i teration s will probably increase significantly.)

Five versions of “CG ” are currently a’~”- i leble v ia  the SPECS

card

C0NJUGATt~I GRAD IENT VERSION k
I

r” for the following values of k:

~ ~~ thod

1 Fletcher and Reeves (19614 )

2 Polak and Ribiere  (1969)

3 Perry (1976)

- Memoryless DFP

5 Memoryless C omplementary DFP

d The general form of the fi rst three methods is

a = _z
T
g +

17
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w O l f .? S s i r s - I s 
, 

a s ’ s  ‘I he i W  - r - : ’/ I a s s ; ;  : ; s u a  soc 1, - I I  s o ,  I on~

t a r ’  sJ ;, - - -
- 

~~ ‘‘b’ i~~ c ’ s , sm-I b sp~ t I : .  on I f~_~~;;~ - h - s .  ‘i t s  oh

‘
~~~- - c i i i  ~- i. ‘ i S” ..- l en A /c I f ;’os ;s he Lc ’ I’resJ )s - 1 1 5 1 5  5 5 A - u 5 ; j — t l ( - -.p~~flfl u’ O r ’ v j i r s u3 ,

~ ~ 
j ~ t~ j 1 i ’  I s  r i  i S  - i , j -~~~ s l r ;o a s s  ‘‘i ;-iii ’C~X l ma t i o ;  t 5) 0- 1. j ’h c ,

1

‘a ~ ~ ~- - t - -  5”?, - i 5 ’ s , - . u

~ (~~~L~ ,T

}, e - ; s . s i r ’ ss ; = -
~ = O~ oc c’ ,jr cut e~”ci’y c l s r i r i~~s~ t o  the Los ic or super—

- ;,sie re ’ s , or -a i’to r ’ Tic i, -oiisec ut i . ve unc onstrained s teps --‘iith a

ca r t, ! c i l ar  set ~~~
“ ns superbasics.

to s t~~ts of reno’aroh us sonj;.s,.~ate—gradient methods in such

u s-ut no clear i’ec on s s ” u h a t - i  ø c t  c an  i c  me—ic for the choice of k. If

an ac-cur-ate I irese: t ’ ’ f i  I , ’ ~~~~~ all methods arc- rai ’,sr similar o s r i

k = 1 or 2 should be tried. If the objecthe function is so

‘c- to , “,rrs l uate  t h t  an inaccurate seareh is rioccssary ,

k 3 or 5 sIss y e preferable. M a tho - I  ~ appears from limited

X : f O A , ,’OC ~e to Oc “ l i ’ s  least successful . Considerable f’u i-tOe r r,~se csreh

fl oe ii . I in t~i is area.

~‘111.3. [k A a 1 i ~~~ Nonlinear Var isb le~

No r h - s  I - I  rules can he r i ven  here that would apply usefully

to all nonlinear functions, but one quantity in particulaz’ m ay be

worth examthisi~ If I t seems that opt imiza t ion  is proceeding very

nlowly. This quantity is cond (G), the cor~ .ition number of the

fless in n ,  wh ich may L~ very sensli lye to scaling.

18
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I
I
I 

-:~- - c h t t l I _  i l l — ins t ~‘c s t~~ ,‘r i u i i a n ’ - r  f i r - J a r L” sci ’’’, ion  of’ two

v’ tr ’ I. a s - l . c’ . ; , v i z .

I
f ’(x , y) x ’ :~

I
I Nh a s’ .- L as s ’s  c are known p’ , i ’ a m e t . o r ’:; . l~ is r - a’iily verifiesi

t h a t  f b i ’ ’ -uso i s )  t ’or 1’ i r ;

I
I ~h2 f , . ,~ x 2 

~
2

f/ ~ -x5y b (b  — l)y 2 bexy
-‘~~(x , y) = =

c~
2

f ,i’ sxöy ~
2

1~/~~
2 X 

~‘ bc-icy c (c — l)x ’~

I ~~~~hermore , C may he factorized as

f ~~T
~~~~ y) — “~~~

“
~~
‘ s .

i 
i c y

— 
whero

I
I 

L

I = 1(h — i)

: 
~~~~~~~~~~~~ b - c ) / ( b  - 1).

1 14
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t 5 ’ i ;t !~~:i I01’  f ’ -:i ’i, l~~IZS i I i t O l  Os ’ ~i :  ~, L i f t ) r - u ’ ; i -  us a s o~,’- x’ usj sj i OS

- cit I S  nb  s - s~ - : - ~ -- ‘s - , I I n” - , ; -1 ’ se s ’ s t ia  - s i ’ b I O s  Is , , - s

r l  r im - - I  1 : - s f ,  i so-n : ci I s ;  of I . S r i  f l , ;  , a ; ;~~ , - ip oo ’ ’  ~. h i c s t

- s  s , f~~~ op t  i. s r ’ i 1 :~-i1 r t i O ; s .  ‘i ’hs ~~r :

F~- - ~s l J ~ ) = i ’o r i -l ( L) (
~ )

-\ - s - s ins I f ’ t . m~ s-mad b are reas~~r s s m b l e  numbers (of’ s’s- 1 - 1 1 ’  1) , I t

l u c A s ’ - : tha fl ‘tho ~~~~~~~ y~ /x
2 at  the optima l solution may ~~

i i : — i c f sj ] , H-1 in- ri t a r -  at ’ s h e  sensit i t  :~ at’ the optimum to sync h c b n u ’ cs

in I ho  do t  a .  To make , t . bn- e s ti ;r s at~ of . - ass -I (G) close a 1, :n aol

y th ou 1. 1 c sc-r i le  I to h:i~- o rp v s . s;~ isn~~te1y the same ‘;-aiueu ; at  tn i-

s’so I - s t , i );I . (Tb- c :a ;ssL’ c onclusion wou l l  he drowns i f  ~~~~~ -
~ bx~ .)

Warning: In  t }ie~ r’ed:lc ud _ .;rrn .1 lent method, Os-A ‘i i  h- rig for the

at  i s o  1’ - : ; S J O T i ’  :}so’i I not  is- c at I f s - -  o X U - . - S L ; e  ‘f upset’ inc I t s

‘ ur  t he  s ,;or , r s - i ’! in s , ; ~~V i x , A. TI, is is - c sssuJ r ‘ho qu ;-iii I ty as ’

[~~~4 - u s ’ - . - - ;  t~ is really cond (Z ‘GZ) r ’ rm t s - r ± r’ than cond (‘~~ , wOe s ’ s  Z is

a m-’atr’ix whose ~;cn1e ( ‘ a c i d  r ondil i ons) lop -si n a rt  I- ..

~~, i t - - A , 1 4 , I t , i t ” c a nt  i. n var iab les  (and h~~s- ’c- su r i l c i j a n ; of’ A)

a n - n , s c a ’I - - - I t )  I up s- ~i’: c ond ’(G) , t ;ssa ,v be rs s ’ : ; :uar ~ to s’ ale r - .s ~~~~ I a

~1’s-own - i f ’  A to m~’r A i t , - a s n  the s o m i l i t i o z i  r , f ’ Pm ~s~~ - h  2 ,i~ . I I mat ’

t,~,O mi be r ‘ ‘ ‘n ’-snm x~,’ I ;J i ’ ’ile ‘ s - m ’ L s i i n  - s t , t s ’ ’ r ’  s~~ol, i t r ’ s - s ’  i~t’ t’, a rm 1 so ‘ S i .

( :P- ,r l i , It i - s  j j r e s ’ c : r - n i s i 1 ’ ~ b -u  I -u c ’sc r . - f’ul w i t h  s;s n f l s is  d ; m r i n ~’ the

s i t  1 , 1 al fonnu lat  t o t i  - i f ’  a ps’ob l “ in .

II



1’

• Finally, the analyc-Is; , ‘ y r’~u : - t . ~~~ f l f ” V o  1,111 usually be appli-

cable to certain obv ious rows ~f tiL l  - -  a l i i r r i r s ; :  i ’ - I , rather than to

C as a whole ; for example , i t ’ (S 1 s t f i i ,~~’ r u _ i i , ’ai r ona l , each bloc k

may be analyzed in turn.

S
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l i i .  ~‘ s -- ‘as~i s u s - u i ’ ;’ n ’~~~ ’ u s - ~ 
I~~~~’

f l ; -  1 ’, ) l  1’ -~~~~~~~~ ‘ 5 1 - - i  I t r i , ;  r t ~~i~~ i , 1- t -  ~ ‘ 1I i t -
- .1 t i i  t i i - :  j s ; ,

1,. I , s s r ’  ~:1’I’ s~ ’ f’iI’ - ,~~~ n ’  - i s ’ y ;- - s ’ f n i i r s  s - r i - — c l o s e  p ar ;-. ’’ t i r ~c~

2 . t I , ’: ‘ ‘ F S ’ . ~~~ sp c- c ; f’ y 0 l in ’- ; s ’ ’.’ - u c s : : i , r ’ -’ a i ’ f  h - c s

- (s -- s ‘- s - - s OH’ t ’ -~~~s u t ;

~~ . s- o i l c - u h i s - : - j~’i- I I , ] -. - s i O s s s . . -  ‘ u s ’ - . fl - . ;H ’  si ’  p a r e i i ’ r A :  -

- t u ,~ u c t , I v - .: 1” ir i , - t b o n  a - s - I  i ts ‘ s a s h -  

‘ P u -  15- n t’ ‘t , ’ , ’ 5 1 5 - ’) (al t f ’ s r t s  I l y )  — ~~~~~ 
i~’

e c ’ ’ - n — f i r  i°’ - . I ~~~~~~~ cc i  in i t i a l  so lu t i on .

[‘ s - .rc - : :e’ ier”al  an  all of’ ‘I  i ’ ’ ,’ ; s ’ j - :s l 5 ~ 5 input t i l e :  c ould oe par’1~ of the

n ’ s-s i— I i ; s p st : ‘ f , r’( 5j~~~, i t  is i r sip c ’ ’i  s - i t  ‘ a  u O t ’ :  t.h ’i ’, ~. .~j tij iS i’~:n’in ‘i o t a  in

the t~~i l n - , c h - s , ’ ‘ c ’ f ’ : - ;

(s-i ) :IPE(.’[’.ias ;

( 1-) l- ,tP, - ‘13t , s-s
Ii

- ‘ ) uA~ 1S i ’ m t a

C i )  ~~r : i  l a t a  r’o~ u .ih - r ’ s - s 1  U:,’ 5 s 5 O i ’~’,,J t , t i v l  CALfI-t .

I
111. 1. “ i , ’~ - - - - F t

C e r t a i n  p ; ir ’ -’ac uL ’~ b , - - so; ri ; m ,y 1 -e se~ by h I s ”  us~-r  -J I a a l i s t  of

“pra’-]~ m s-sp ea t i l l - a u : , , ” her e ;i l ’t  - r c a l l --i ~ ;-Y[’ . These are assumed

t o  s-c rj dook at ’ 8 0—cls s i rm-  h e r  s- c a  nil irs m~es; of the fona

I
I
I

1~ - ‘ H-,,~~~~~~~~~~,,. -



I N ‘ f ’O ’ l ;  - ‘ o h

(1 I :~ ~ , - i f ’  S’; y ’Nos’i : ’ S i S i l  ‘~ Si  P I n S )

i ,It~fl - I - Id ’S’

‘,thei’e th -~ - - -,,ar’ Jn ~ s-I Cl’J ;m r,i [‘-ID ‘i s ’ - sn:~- l ,  - : ; ‘  O’u;s - s a s - .l: - . ( O th e r  L5 t t S ’ S O ’ —

t~~r :’ in j ’F [’TN a m i d  VNO c s - i r i s ;  or’’ h - ’n s - ‘1 . )  ‘I lso ‘ I - F -  - r ile must exist ;

it Is nonnelly tUe f’ T rst data set ,  in  the ‘card i n p sm t  stream (fi le 5 ) .

tfroadly speaking, each card i i i  the SPECS fi le contains a

sequence of items punched in free V oni-mat (i.e., separated by at least

one blank or =). The Items selec ted from each card are

1. The first word (the keyword ; only the first 5 characters are

significant);

2. Th --  ~“c’ond word (8 characters , treat ’,sl as two ‘etc of h ) ;

3. The f ir st  number (up -to 8 characters ; : — L t h e r  integer or reai) .

In the following examples the signif icant characters ar~ underlined :

Q~~F~CTIVE PROFIT

~j~TOL l.OE -6

r jQ~ER BOlJt’~f)

~QL1JTION ~~~~~~~~~ —

fl QI~~ BIT MAP ON FILE 9.

n 2



O ril ~ - - ‘c as-s I onsi lly is the second word ‘n easi  in ~ t’ s1 ( e . s -~. ,  PROFIT and

FILE above ) . Wor a~ suc h sin IIOUNI) an- I  BIT MAP are extra c ted but

late r Ignored .

lilank card s are allowed , and c omments ( i . e . ,  any chara cters )

may oco- ir after an asterisk , e.~~.,

I
)

~lONLINEPLR VAR IABLES 20 * X005, XOlO , ... , XlOO.

I)e fa~~lt Values

Para mete rs that are not specified in the SPECS f i ]~ assume

certain default value s, most of which should be acceptable for normal

use. In the following list the default value s are given for all J
lesa’ml keywords . Whe re possible (except for s~~e of the items printed

i.n lower case) the list itself constitutes a valid SPECS file. Note,

however , that its effect would be essentially the same as the f ile

BEGIN

END

t
(which is also valid) .

2I~
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i I LE i i  4 c t f t ’1t’1E’~. ~ rid I. Hu l L - - -
(J U l’11-’ F I L L  i i  .4 ‘ f r *~’ ni- - i l l ‘~f Li li- fI . i ‘i,~ t t t
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I i L ~~~. j~~~~~”i~~~~~,j i ’

s i - —  [‘I h - ; ’: t’ - , , _ ;  s - ‘  i. -~ - - - _ - s - : I ’ ‘ I.’ ‘- - ‘ , S , ‘ h s -  ‘ i s - s

- - 5 ’ ,,. v I f _ - u  i s  ; 1 . - c i -  Is r ’s , 1 s t .  ‘s - ‘ ‘ ‘ - ‘ 
~ - ‘ I :  - ‘ ‘ 5 1 1 j  ‘a r i  Mi~, i_ ’o fl 5;i ~ ~ ,

I a - I - - n  ~s-e t I t  . ‘~~~‘ 
‘T
~’H~~ l i ” 1  ) f l / ” in j }~M

- 5 -  ~~
- - ‘ ; . ~~

- ‘ - - L ’s ’ ;  ‘ s- ‘F — -  - - -  - — “A ’  ‘ t~ ’ s ; - a  L i  ‘ - r 5  1 l’ s ’ s , ’ s’; r s u s r - ‘s-’s~~em— F -,x I ,ernl ’~ 2

(0’~ ‘ -~ S’ , - s d  ( -  r- - : s ’ s-~~~ ;s-s - J r - S i ’  ; r ; i i i i i~~~ ~~~ ) , “ 
~~~~~ 

[9’~~~~~ .(J
,) .

A . ’ ‘ t ~~ ’t ’~~~, , s s - -~ ~~M ,I~ s ’ stt ’ -- ~ ’ - t ,  5 , 5 5 ; 5 s - - I - - i ’, L~~~- ( ’ ~~ ,

I :‘-. ‘- ‘i ’s ; ’ is; i siy , ‘ , , ; s ’  / ‘
~~‘ 0 Vei’s -, s -  ~. s , i , i  . , s - ; - s - - ’, -;,J u ’nr1s-ii ’aLle Pm ’o , r : ’amir i~ is

i - s - - s ’s ,\s’ , - , - , t s ,l , “ 
~ - . is- 1 — 1 - 1 .

‘j ’ -€ -  ~~~~ : . .~~~~, , :e~- ’tu.~ oun ‘1 5 ’ t i s n  1 s - ; 1 . ’i r :s i;~t I .~- i s -  t r i e  followiruz

- - n - s - - n :

A~ r,
1;
— COI,Ii”~~, ’

) [s i !:;

- .

‘O SO. - - 
-

It -

Npter - ~1c~~ Data

p 
1. ‘ F -  r e l e van t ,  cal -nan n-_im l - -o t’s, ar id - ! F E n ~ s ‘ - :‘  f _ t i ,  iields on each

I’ i t fl c’i r~ ri re ‘is - S follows :

[“
~~ 

1 1 F i e l d  2 F ’ i * s - l - l  ‘ Field - ‘ i i ’ i ~I 5 Field 6

‘- — U  l5— ~’~’ ‘ — ‘-F 1i O— ~47 50—61
‘5 ~‘l’’ ; - ‘ value na m e value

11
1~1



~, . ‘the ‘~~ ,5’ ‘ s , ;  I Sii s -I~~ 1- - ; ’ ‘ , ‘ ‘  ‘1 t l S i S i s  ‘
~~~‘:/ 

I - t , , ’ i s - ,  t - ’~ , s- . 1 :

c~~i _ cs - s I .  (‘)nl~i c , - . ‘t n t , ~ -~ i , ’ i ’ ’ i ’ ’ - - s - ’, ’ i ’~ , 55 ’5 1 J i 1 5  1 ) 1’ i - ; ’ i ; s ’_ i , ’ , ’

‘Ni  Ui  L t i - :  - i - i t

5. j s - ’ s- “
~~~ , s ’ ’ - l  ion may f e I ’ s - s s- ” “ eri, ’Lr’ajnt~s- t o  S e  c-I’ typ e = , .-‘,

or Fi” - ’ , ;, ~~~ t . I i ~: ‘ l i t - r a e  t’- r’ s-~ ‘~, 0, I s - s i -  I- -i t - - p - n - ’ S  vLly  ( i s ’

- ; ‘ - t s s s ’, :s ~: c-r — ‘ - sL L’rss ~ ~~
‘ 
. ~~~~ i s ;  T j c - t , ~~

- ; s - s - i i t . i a l  to h ave  ass  ) s - , , ie . - t i , r - s -

i’OW ; I hsic t i s -  r- -- s isa ,’/ I c  0, 1 c-s r s soi ’ n m’ -c- ,’~’ , of 
~~~~~ 

N .

s- . ‘i~~s-’ s- - ‘OL& i’Ml 155 s-~s - - ’ I - i o n  may -i ’ s- f _ i s - i c  1 or 2 m s - i l  s-’ i~-~ -. - .L eis ; cs - s - t n per s~s ’i t ’-i

s- -r  s ic- r i  r e a r  ‘ol ;j ms - i ,s -, i s - . is is-so acceptable to h a v e  0 (s - ie ’sl”~ i L ,

(1. - ; . ,  , - i s~ . s . I -,e sss , s - nc ut t h e  v a r i s i s l e ) .

Is - s i- :  ~~~~~~~~~~~~~~~~~~~~~ v a r i a s - , 1s-ns: ’n - i’  - . s-~~- s - - - i r ’  f_ i i’s - ; ’  in the - ‘OLJI- ,IN s- ;’;;s- ’J- ’~ i ,

o s ’ 1 es’~: I s s s -  a , ’ s i s s s e i ’  F L - s t . l - ~ c ’itwi ster i L w i s , t ~ t h e  array X

I s - i  4 h ” s- c~ - r— -~x ’ i t f e ;  , 5 - d S , s - ’ 3 ’ i ’ Inc CALC F 5 ,

5. Tls -~- 0J!u ’- 53ts - s t c-ri may c s - i s i s - l u  ;c ’. i *-rr i l I~H,’3’ s - s .  A spec i f i s - -  ‘) No may

nequec tel  v i i  the cpu ’ i t ’ [s - ~ t tou r’s , otherwise the I ’ i s - ’  ; ‘. . RI-lIL is-

S ‘ i s - c - S I ,

~~~, :;in-i La r’ly for  th e  isI~1I ’h -0’ s-s e C t  10-1 .

‘7. iii j hrir ly  for SCiI J HI- - s - 5 .  The t, r1is-- u of 1 . osins-I a l  I c-’N~ d s- m’ s-~ l IP , Ii) , FX ,

I - ’ - , Ml , I I .

Wa r’r Lr ,~_i : If a variable U ; eusse r i I ,  I al ly  ~f l c  O t i s - S I  s - s -  1;i ~ - 1 the bound

type FR ( f ree)  ghould always be ‘ i s - a s -  I .  N cvei ’  use a

Iarc~- negative 10 hound . Similar ly  if a v a ri a b l e  Xl

has bounds ~~ <- XI < 5 ( c a y ) ,  t hen  ~ card s are re-1jix~ d

as follows:

~‘ti BND 1 XI
fl BND I XI 5.0

28 . 
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r
£b,ss I N I t I A l ,  ts -o .m i. c ’ s - F .  ‘i lse Ii ’ s - ’  I N I ’ I I t - .i Ss s- - s e x - i - i  t ,o specify

(oi’,L j o n ’ s i i ’ r ) a s - s -p s-c ‘La 1 S ; os i ~ is :5- .~~. ~ II 5 s - ’ i ,  c s - i s , i s - c  u s - s t F ; ’  r’i r ’ s - , s -  l : s - t i

I r i l t i s - s i i-alsi- - , t o s c - f l ! i s - i ’ s - s r ‘ ,‘ a s ’ i r i i , l - - ; - . ‘J ’i r 1Iii ’I ’LA L c-c’i rnlc

C- t n i x ’ ‘ i ~i - - ’ - u ’  a f f ,~s ‘, ‘
~~~ 

s s . , s rs - ; s s - :1 F - - is - s - I s - ;  set s-s i’ cay) . 14 warn —

I s - ;  ‘ i v e r i  i f  S F  l f j .  5 1 , ~~, ‘ s - f , ‘. s - r , c c - s -  s - t , - s - - € -  t s- s l i e r  the PO s-JUSX

s - s a t ’ ’ , ‘ Fh- t ’ c - l  5 v i i :  . xrs - s s - s - le H l . s ; s L r ; ’s - t ’ s - n  t h - s -  f s _ , n i i  L ,fps-:c all. x v i :

t”iell 1 I” .i .e l:i - ~~~u,- L d  ‘s- F ”  i - I  ~+

i~il’I ’lA L XN1 10.0
10 INITIA L XN2

INITIA L XI-I 5

In t , l i , i r example :

‘ I (a)  The nonlinear v~ r’I acl-’ t ILS w i l l  he init ia l ized at value 10.0.

( i t5 ;  i n i t i a l  s -t ate  ~ill Fe , ; s - u ’ c r ss - as - i c . ) II’ 10.0 lies outside

t h e  l’-o s -.rnis on XN 1, the L n t t i a i  value wi l l  be the nearest

1 , 55 i r ~

(t - )  1-t o ss - l ine ar  variables XN s:  ansi XN 5 wi l l  be in i t ia l ized  at their

‘‘ lower and tipper i a - in s -i  vsiluec respee I, v ’ly. (Their init ial

st a t e  wi l l  SO aun ts -ac i s - . )
- _  

(n )  ASs - 7 non ’! i s l ea r  v a r i s t h l u r  tha t. are not spec i f ’Le d  directly will

s i t ,  S i l l y  be ‘ so s - u s-as in s - i t  the i r’ smallest b-c-wi.i ( in absolute

~j~~ e: The r N r I ’ Lrd ~‘o sun ’lss -  3~s - t .  p e o v[ s - l e c  an Important f a c i l i t y  if used

In ss-” ijwi i tiori w i l l  CRASH 0~F1JN 2 (which prevents nonlinear variables

f ran -‘s-- i r ~’ selec te-i for the i r s - i t I~~l bas i s ) .  E~y construct ion, all

11 5 -’)

11
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‘u o n l i r i ’ ’ a r  v-er ia l i le s  w i l t  t i s - r i  h i -  e i l l s .: i -  ; i i pei’t ri ; ;  ~~~‘ Os ’ r i c - s - s t - s t s i .sus , and

I f s - - i  w i l l  t i ~ tax i I f ixe . i  at  ‘h e i r  i n i t i a l  - J s , l ’ I e s - -  w fs -j ] , e  t ; i u s - -  r e r ns - i i ’1i ri5~

( l i n e t s s ’~ vr s  s’jables r u ’ s -  s;y5 s , i z ~ ’i -:j s-i s s - o x ’ t n ss l  Ph ris - s - e  1~ l ’ t , a : s i ’  2 simp l e x

ps -c~-~’i ’ is’ .- . O s - s - c  H h a s - s  Lu- tn l e t , e r ’ s - i i r s i  I t h a t  the ;sccs- s- xs- i at e - i  i i  a s - a r

p s’ . )~’ ‘ S- is - li is  e ~~t h r  Op~ h s . ’sl or S ru ’’ ‘ s - i ,  i l - I - - , th e  rionl s- . s- sir vss-iri ‘ibi s - ; ;

-
~~ : i i  i- u- s i l l )’N- ’ -i t = ~ ~~ s-~

- -~ s - s -~~t trn i,Z~~t iD n wil l  c ant isi s -ic  in norma l

s ’ s- I ,s- - - o -1-— ’r’ s I j ’ s - t i f _  s - i s - o l e .

i s -  i c - i l  c-i’ s ‘ nsi  s- s i t u  I ISIT tA L i - c - s i r s - - i s -  set an I (2RAFS1I OPTION 2

s - s - h u~~l I Uc€ ’l i f’ : ‘ s - c - i s - t a  s- I , m r  v a l u es - i  s- ire known for all of the non—

l i S c ” i s - ’  v r is ’ is - s - b ic-s .  (At leant  c’s- se FX ind icator mu,-’j t be ice 1 to achieve

the abov e e ffe ct , ar id  the SIJPERBASICS card should specify a suitably

las- as - s- iwuts -er .  If FX is used f’or all nonlinear var i ables , then CRASH

OPTION 2 as-ny be omitted.)

If a starting point 1,-s specif ied by any other means ( i . e . ,  v ia

OLD RASIS , INSERT BASIS or LOAD BASIS e a r l s ) ,  the INIT IA L b~ inds

-cet will be ignored . This allows the user to re—start  a run wi thou t,

alterinp the MPS file.

N’ r r i j j ~~s. provisos, etc.

1. The cnr is - s - st r -’uint  ma t r ix  is not scaled by the program, so the s-u ser

‘sh ou ld try to ens-sure that

a) all elements ~~~ are reasonably close to 1.0;

h) unit ;;  are chosen so that all x . satisfy io
_2 

~. Ix j ~ 10
2

or x~ 0.

These are by no means absolute requirements hut are recommended

for numerical  r e l i a b i lit y  (and to ensure thai, there are at least

some s-s ignIficant t’tgure~ in the printed solution).
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1’

4
‘ I f s - u s- s- . s- ’c-i ’ i - -a -n ~s - - - s ’ , as’s- S- ; - s t I c - N a - u s - -  ‘- ‘ s -  f s - -  ‘ - i  I t s -  c-i ’ I .u~-i ob ,je ct ive

I 1’- irs - ’ t  i c - s - s  and , $ o  s -i I e - ; s - u - s - ’ ’ x t s - r i ~~, s - t i ’ - l i i . The si ze - ;  of s- h’s-

o i s J ’ -’s-’ t , i V s - ’ sis - s -. i F .  s- b s - s n - ’ t L ;:  S i ’ ’ i s - i ’ -- ’ ’ s - i - . - ~- s s . - -“ha t , less s - s - r i t , i c s i l .

I t .  i’h ’’ s - c - c - l i ’ s - e a r  -Th ,k - ’t  iv ’ :  C i t s ”  i c - - i  - ‘ z s - s - l - i a t c h  s - is - il ,’ at  feas ible

E 
p o i n t  -~~. 

‘ u ’s - c  l ( I I J IJH ’ s- ;es .s t i o f l  s-s-h i i l l  i - s ‘ -ec -r ss I na lud e 1-o s in d s - -  Ot t

-a ll  ‘v -c- s i i s - - e ’-s var iables  :;o th a  S “ fe s t s i l s - i - s -  points ” sire indeed

I 
‘iws-Ir ‘ i c--s C S - ss ’, s- la i ’ i t - ie ;.s- S r i  f l u ’ s -  sI joe Li ~~s- ‘ i s s I  i ts  s-~rad len t ,

is -’ f ( x )  = 1/x 1x~ and i t I s k rs - ,xwr ; t l s ~ , ’ x ~ 10 at the

I ; ;c - l ’i t i on , i t  would be advisabl e to  in” lud e i s - c - s i c - i s  fore ing x .  ~ 1

(say).

1 111.3. SubroUtine CALO~~

Com~ sitation of the Obj ective Function and its Gr a dient

I let f ( x )  be the nonlinear part of the objective function,

I 

with correspondirui~ gradient vector g(x). Both f(x) and g(x)

rn - is -ct be c ompu te-I by a s ;u is r n s - t t ine -;“lleJ (‘ALI’F’I s- whose specif icat ion

f ‘in-i pasrn~neter s are as follow s-s . (Reca l l . that any linear terms in the

ois ,i e et lv e  function may be [nc l swle J us part of f(x) or as a free

f row In the u, 5 s - ) s i , iS ’ t t t f lt .  matrix A. )

~~~ cj f i c at i o n

SUBROUT INE CALI ’ u ’G (MODE , N , X , F, ( .; , NSTATE , NPROB)

I IMPLICIT IN TF , GER( I—N) , n,EA L(A—H , o— Z)

T D IMENSION x ( N ) , 5 (N ) .

C

C On machines with short word length, e.~~., I~ v(, Univac , it is

C necessary to use double prec ision floating—point . Hence

C IMPL~~ IT II’TrEGER(t -N) , R~Ar ,~ 8(A—K , o—z )

i 
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I , ( s - I  s- p u t t  ) A - c - s - i ’ u I I i r s  L i  hE

of i ’ - i ; i . ; t  I u~ u s i r s - i  l - s - r ’ i ~~a t. i ’;o : s - ’ - -u s ;, s - L h u ,  s - v~~s - s - l s - ’s - ’ i .

Si - s - s - i l l ’ ; , :

- s -  1’ s - s - c - a - is ; I i ’  - s - s - a s - s  ; sis - s - f  s - - s ; ;  i , ss ~1s- s: f’ s,;’ L i o n  value

C ( x )  i s:) i s- 
~s-~~s - 1  i ts -v , s- r ; s i i en ’  V’s i s - s - u s - s - s  11 ( X )  t . .. s-

1 , N , ~i s ~~i s - i ’ m E ’  V s - u is -i i ,~ iS ’ X ‘s-’ii’~:s- I c - s -  X e ) ,

1, 2 , . . ..  N. ( O r ,b ’~ s- - / 5 , 1 ’ s - e s- - u - f ’  i -A O l u ; ’~ s - s - c - i. yet irr~p le— .

On ‘ s -;~~i ! :  3
If ’  the - s - : ; - s - i ’ ’ ,’r ; -h ’s- . ;  to t erm ins i tc  solution of the current

pro h l ’-a , MODE sh ou ld  Es-o g iven  a rue~?at ive  value (viz . —1) .

‘1 ~I s - i l  i t )  The s - s  i s - s i t  ci’ of variables involved in f ( x ) .

Na te :  T s s - e , .se must be the f i r s t  N c ’ar iables in the

c o nst r a i n t  matr ix A.  In general , A will be of’ d imension

m by n wi th  N < n.

X ( i r s - p i t )  A ’~ array of d imension N c ontain i~~- the c ur rent

value s of’ the n onlinear variables x.

~~ t e :  The contents of X should not be altered , except

pe rh ;s -~ - ; i f  NSTATE = 2 (see below )

F (Output)  The ‘;u”npu tw ’ i value of’ f(x).

( Output ) The c omputed grad ient vector g ( x ) .  The user

must ,stora  the pa r t i a l  -l er iva t ive  s f t ’/ dx
~ 

in G ( , j ) ,

,j = 1, 2 , . .. , N.
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I
I
I N- tA ~~

’-; ( Input ) ~ - ‘ s - s - i t rol . ~- s - i s” :, ’’ , s - : t ’ s -’ s s - i ’ - s - s - ~ ;, ru .~ L , t i ~ - s- 1s-s-c-r of’ I s ’s-

s- - s - i t ’ s ’ s - S  s - s I - s  I - ‘ us - ’ ‘~l i - ’  ‘ ‘ 7’ s - t i c -  , s -  - - I ‘it  - ~ — “ - c - ’  -

I - IS’ iS ’I E - 0 is - ’ l - ~u s - -c 7.; i c ’ t f ,  i r ~ - i u - - ’ i c - l ‘i ’s- s -i s - u t  the c

Cr ;

I T-IS ’J ’A’I - I i ‘ t h i s - :  i s - s  S t a -  ; ‘i r a :  s- - s - ri r t o  C ’P I/I’S. i ’he

I 

u s - ;;~-s- s- s - ass s- s- -L 0 r o t  i s - s - t n t  or its - U - i s -u  s_ sc- ‘‘‘f i t S ’ s -

10(5 ’ s - i  “ s - ’ ” i , s- I ) s - ’  i O  ~ 5 I  s - u ) I s - , 5 , u l t r s - , T 1’ r i s u t  5

( 
dos’ i s -  ; I is ’ ,’ p s - c -  s- i s ,  s - i r s - i  S ’ s -  s - i ’ i ’ 4 s - 1 ’s - r s -  t~ ens -tr i C ;  ; to

CA TS -‘5.

= 2 i’ tIs - is - C’ , i l C e c - I ,  s - sa l  s - U S - a s s  i s - s  X is op t ima l .

I 

‘l ’FL- s -nc r  s - sa s ,y s-v sb to i - -s - rf’ ir ’rn a id  it i  onial c ompu-

t a t i o n s  os- i X .

‘ 

Notes about entry  w i t h  N, Si ’A F I’ =

1. ii ; L , ’ w I ’L l os- :-° ’i ’: us -r i ly  s-’ Lbs -c u ser’  iru s -~ ludes a card of

I the

~‘ALL Oh ’s F- , ‘TIV ’E w ’ sIt ’ ; ’J OPT IMAI ,

I 1 ! ,  the pt’obl’-irrs- is-pt? (’ i l l s ,’ s - s t. s-is - -s .

2. ‘F’ s- is will be ‘ f u - ,’ I c - s - s - i  entry to CALCF’G.

I ~~. The en1 t.~~T w I  L I rso l  ~-c ;ir ’  i i ’ i t , ’ - s- ’ s -i t  S ons-~ are terminated

s ’ s - f ’ s- s-r e opt ha s , i i  ty ; s s ~-r’ c-~~r s - Lzed .

I . . ‘I ’h~ entry wi l l  l’ s- ‘n ; ue t - t - f i ) r ’ e  t Sr’ solution is output

I to the printe r and/ or  the So l u t i o n  F ile . Any changes

t o  he nonl i near v n r ’ i r t t - i c ’ s - ’ s  X ‘-‘ill therefore appear

~ I in the solution output. (For example , one migh t wish

to r ound the e las -u sc- s- a of X to the nearest integer.)

Il
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( Inpu t  ) - f i t ,  j r s t ’ ’ , ’or’ W~ s - h  c a r s  I s -c s - - I , s- -j the us -s-er v ia  a

(‘ar-i - ‘ I ’ I t s - ’ ’  ‘ u

l ’~s - 0 t - i ,t- ~~ NiJMJIER 5
i n  s - l i ’ ’ J u r - s - ) i  ‘ I s _ s -s ri  p ’ s -  :r i s - s a t . i s - s i ; ; .  Thi s -s parameter may be

- L a s - -i t o  r a t - I s -  L ’ s  sc -ic -  s-~
- f ’  several function calculations

-,~ i-t r s- s - ‘AU ’ s - - ; .  The user may ignore it or use and change

i s ’  c- ;i t ’ ’ :

111.14. BASLS Files

Four Ust inc t method s are available f or loading and saving

- . . . . .ss -s cs - ’, s - s - desc r ipt ions” . They are inv oked by SPECS card s of the following

form. (Jus t one opti c-ru per card . The f i le  numbers may be whatever

hc- user chooses.)

I , o a u i n ~r 3avin~

OIL) RASIS FILE 10 NEW BASIS FILE 11

INSERT FILE 20 PUNCH FILE 21

LOAD FILE 50 DUMP FILE 31

CRASH OPTION 0, 1 or 2 SOL1JTION FILE 50

‘lhEs - keywords OLD, INSERT, LOAD are mutually exclusive. If more

than one positive file number is spec ified, the order of precedence

is that ,js-ust given. If’ no start tr ig f iles are specified , one of the

CRA,- ;H options takes precedence.

Th s -s -  keyword s NF~~, PUNCH , DUMP , SOLUTI ON may all specify

pos-~f l i v c -  f i l e  nu m be rs . Ilenc s- e fran zero to four’ files may be created

at the end of a run , In the order just g iven. In add ition , a NEW
a

“~~~‘ a Lso  the I N I TI A L hounds-; s- sot irs - , ‘t~c tion 111.2.
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~1 ’  ~- ‘ ,~~ si’s : s - c  u ,‘‘ c s- ’’ ’; I - - t - -s - -  i -
,

-
,

- I’, : i . - s’’ s- s- [ s - iOu ;  ‘5 s - S i t s - ;  - ‘-  i s - , , ‘ ‘ If s - a i’e

K S ‘Ds- -55 S C s -  - - t o ,’ a A .  F t - ’bI - ( ,- s F I - : t ’ s -  Y

)55 ; s - t  I ly t - s-c- f ’ s- I’ 5 ( 5 5 ;  - 5 -  - i ~ ~‘ 5 L i s t s  is- r’ : s - s -, ; : s -  i i  U Le-  ‘c-I Low i r s -

S - il’ s - , ’ s- ‘ t O ( ’” S.  s ’ s - I  Ic r j u t ’ S  I s - ;  ‘ i i ’ ’ 5 iV i e s  - - - 
-

- s- 5 501 , V .

s - S  ‘. f i u ,’ - , ‘ 5 ’s - , L ; : s - h ’ s -  s - s - iO . S us- s - 1555 7 0 - t ‘ i N  I - ‘ s - s - i s - ;  c- s -st s-s -u ’s - S h ~~ I

“ a” ‘ U s - ; ’ ’ o u  ~‘ s ’Os - si s - ; , s - ; ’  - r curs- s- sri -5 L I t  l i - ;  ‘i s , ’-  s - s o c - i s _ u s - ; or

ors-e - i s - ’ U h e  sat’ ; -  t : -  - -
~~~.,

i’N , ’ -~?i77l lN “ s I ~ ‘fl! S ~ ‘ j r - c-v i s - o s  ;s - 1 , 7 .  i i i  I :  s’s i t t  - - c -  s- ’ i s - t i n  C o-russ - u s - s s’~- ~ sl

;sy s- ;t ’?s - us - s - ; (~ . ~
‘ ., 7 . - : ’ ‘

~ - Cu , MP~ lY/~’s ’ s ’u u , ~!LF s -l  — 1 11, P s - 7 F Y ) .  ‘i hc- PUNCH

C u e  from s-i c- s- s - ri 7.s sl, ss - s - ’ s - - u - a ’ s - l ots - - ‘ s - u s - s -  I - c -  s-~~~s - s -  u -i s - s s - s - s - U J SF - ’IIT i ’ile

~
‘s-~~ i ’ i’ - - ’ t s - s i - s - ;  s~ s- s - L  s t i o r s  c;, s- ’ i ! i f - ;s si ’,fle j u r ibU ss - .  Oc e s_ is io ssa l ly  it

- n s - ’ : -- - ‘s u e’ i - c - s - s - s - ’~ 
le t o  s-s -c -- I St y t ! i s -  i5’s51’i~’f f i le  s-s- rv I 1’or the ps ’ os - - i ’ s ; r .

‘is - S 11 o l s - t n 7 .  a - i ’ s - - C a l  s i l v a u i - ’ - l  u s - s - I S i s .

T5 ie r t ’ i , s s - : i s~i ‘tI’S ‘ors - , ’S~ I s - -an  S c- -:’ : l i - ’ ht -I y  s-e: s -er’~ lized within

‘ 1 s i s; t- . i ’ u l I s - - p I ’- s-’s - J I s L- s- N ’ ’  I s c - l o t - S  ; us - - i t ’ ‘ 5 , 5 5 1 5 - 5 5  i s - - S s -) IJ  L oss - c - .

Os- I s - -  ~5s-5~. I s - h i s  5 , ’ s - u s  S l ,ar s- n vein  to T i I , ’F ~ t s -  ;P I fN ~’iI but allows

f more i s” ;- ’ ;  s - ; c - s - c 5 i u ’ is - ‘i~, 1° s - u ~~~~ a l i s t  of - - , c - i  - c - n i  superhasic

v s - t : ’ S - ’ i~ is_ s- a h a l t s -  ; ‘ ‘ rus- - i  -j os - s - l ,’s sos _ I I c -~~is_ ’ -”, i s - ;)  i s - ; ,  s - I s - s - - I t ’  i s _ s - s - si re- i s t a s - L —

~~~~~~~~~ ~~ 7 ’ s - ’- s -~~ -v - c - S  s- to c-s’s- ’ s - r c -  th~ ’- s - i  F I 1Ts_~P f i l e

( ;‘‘ t~~~~t ’ u 14s-, —~ a }- ‘ ut J( ’ u ’ s  t ’ i i i s - )  i s- ’ i S  s - s - s -  L ’s- f o r  t~~’ s - ’t; ur’ l , S~~u s - a s - O s - f l —

t ied p u -c - S L u - r n .

q

f l , -  j Sr- r ’ ~ s-~ c - , -  c - s - - rh v s - s r a ’s lu is r epr =’nt ” u ~~~ ‘ I I - v  J ’ u s - ;~ c-ne cha ract- e x’.
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SOLUTION f ile . This may be us’wsd to communicate solution values

(e .g . ,  x , ~~, objective u”rad lent, bounds) to another program for

further computation. It uses essentially the same fon~iat as

that used for the printed solution. For greater precision it

uses format 1PE16.6 for a1 values, rather than F16.5.

I



p

TV. P r o s - s - I  - ‘s ’s — ~~~s-’ it ’ in  s - I s - i ’s - s i : ;

I’ ;. I .  ‘i ’t ’ -’ P1 1- s- ’: P S Pu  —— ‘ s r - s- - s - t a - ’

‘ ‘ - -h c s i ’ - .I i n  s- , I i s _ -  PP ’s  ‘S s-.’ S i ’ s -  ; u s - u I. he of’ u u c - s -  f ’ cs-

(uc evv. c’r i )  ( i  ic - s - s - i  i f t ” r )  (i s-h is - it )  (r s- 1 ml r~ ’s- ’) (r oflifflent )

i t ’s _ -s - us ’ may ‘s ’s_ s -, v r i  ftc- n i s - u  s r ’ s- i -: f ’ o r r sn t  with one or more blanks or

1 = ~ s- s -~ ;;tap s - s r r s t o r - ’ . In  , - e ts -r~r,al (depend in s- ’ on (keyw ord))  riot all

iti: -a s- ;s - “se es -f be press--:rs -t.

(keyword ) A string of non—blank charac ters beginning anywhere

-
~~ in c o1ujnn.~ 1 through 70. A keyword ft defined by its

f i r s t  3 characters ; any others s’s- re ignored.

~ident i fie r)  A list of 8 consecutive characters , the fi rst of

wh ich is any non~.blank character except the following,

which are hereby defined to be numeric characters:

0 1 2 5 1 4 5 6 7 8 9 ± -
- 

Valid use of identifiers :

OBJECTIVE = COST ROW

RH P = . . . Z.

1 FlANGES -= RN0001

11 BOUNDS = LOW 1.E—5

Irs-valid use of identifier’s-;:

fl OIsJECTIVE = —z

BOUNDS = 2Q

BOUNDS = l .OE — 7

II 37
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Note that blank s may be imbedded i n  the last 7

charnic ters, but the same blanks mus t the n appear

in the corresponding MPS data cards.

( id list) A l ist , of items sepa rat ed by blanks or ‘= ‘ s. The

f i r s t charac ter of’ each Item is not one of the numeri c

charac ters listed above . All items in the list are

ignored .

Valid use of idlist:

WEI GHT ON OBJ (DURING PHASE ONE) = 100.0

Invalid use of an idlist:

~IEIG HT ON OBJ (DURING PHASE 1) = 100.0

( number) A list of up to 8 c onsecutive characters , the firs t

of which is numeric . The number may be either an

1nte ~er or a real c onst s- -it . It will be treated as an

integer if all remaining characters are numeric; it

should then be typed in I format.

Valid use of integers :

ROWS = 2000

COLS = +2000

Invalid use of irite~ers:

ROWS = l.OE -i- 3

A number will be treated as a ~~~~ if any character

other than the first is ‘ .‘, ‘E ’ or ‘D’ ; it should

then be typed In F, E or D format .
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-
‘ - 5 1 i_s - - •- ‘ i s - 5 ’ i ’s_ - s- s - s  I

tj ,T “ s .  : - s : A N - ’ ’ = 0.00001

- ,v1’: i I l i l  c-ti OFsJ = - i i .  01- 4-5

- Jo - ~c - -: l s - 105 1!; = — .0! 1

s - • , - s - j~~s - j i Jc - s - ;  ot ’ r ’ealr :

‘s o-~ ~:r~ ‘ s(T’~.Ti~. - . 15—5
p

(c is-S,’!’- : ‘ )  - - ; s - an  i s - s - u ’ f su isis -c i f ’i eaT ion  s - s a r i  is terminated under

t hus s - c -  LI  ow is - i~ c onditions :

1. ~s ’ the f’ S r ’s-’st is-os-i—blank c h a r ac t e s - ’  is an ‘~~~‘‘ ( i . e . ,

if ’ the f i rst character  in this- keyword is an

it’ any blank or ‘ -s-s- ’ is followed h11’ an

- 3. 11’ s - s - r i  int eger or a real hs - s - ;-s L ees-i rec ognized .

He nce a comment may he any ch ars - in te r’s following an

‘~~~‘ or an int eger or a real.

Valid use of c~~~nents

11 
OBJ = COST 02 * 2ND ALTERNATIVE

- 1000 (oFl i i-:ss)

WFIGHT ON OBJ = 10.0 IN P UA,SE I

1-1.2. This SPECS file -— Ke~~ ord s

I ~ The followina~ is an a lph ab e tic a l  list of recognized keywords.

j 
- A typ ical , use of each keyword is g iven , along with s-i definition of

the quantities involved arid various conunents or warnings. In many

cases , the value as, ;~~siat ed with a keyword is-s denoted by a letter

‘ I  such as ; k , ond allow able values for k are subsequently defined .

10
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• AIJ TOLERAN C E 0.001

Dur ing input of the MPS file , matrix coefficients a 1.  will be

Ignored if J a 1~ J is less than or equal to the specified t olerance.

• ALI GNMENT TOLERANCE 1.0

A parameter invoking a certain algorithmic option which affects

the search direction used for superbasic variables. Specifically,

a subset of the superbasics is selected such that each member

is close to its one of its bounds and has a significant gradient

canponent moving Xj towards that bound . The search direction Is

scaled in a way that will caus e all members of the subset to reach

their bounds siinu].taneous].y. All members will therefore be “squeezed ”

out of the superb asic set , unless a basic variable happens to reach

a bound first.

1. The ALI GM~tENT keyword should not appear if alignment is not

required.

2. Alignment is unlikely to be successful on nonlinear problems.

~~ . Use of the specified tolerance depends on the particular version

of subroutine ALIGN .

• BOUNDS BOUNDO1

The 8—character name of the bound set to be selec ted from the MPS file.

1. BNDS is a valid alternative keyword.

2. If no BOUNDS keyword exists, or if the name specified is blank ,

the first bound set in the MPS file will be selected .

3. If the MPS file contains one or more bound sets, but the user

wishes ~~ bound set to be used , sonie dummy name should be specified ,

e.g., BOUNDS = NONE.

~40
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p

I - - l r t i s e s’ - I ; ; s i ’ s - i s s ’s i o r i  i s - :  ‘‘i ~~’ - n i  i r s -  2 ’ s - L i o n  I [ .2 .

• i’h,A: ’H OPTiO N

l’h i - Ius-ters-ni ‘s- e s - ’  which rolsjznris of’ A I s- s - r e  Lo i - s - s -  :‘s-iris~ i - I s - u  r e-I  for

s i - - t s - r s -  of’ ‘in i r s - i t  I a I - i s

k MeanLrv ~

0 i’he ‘i l l — s l a c k  i- s- sc i s  13 1 is  s - s ’ s - i  up.

1 All  eols-inins of Is- are s - s - i r s ; ;  i- ie re s- s- S-~ cept  those cor ’r ~-spo nd—

s-r~~ t o nonlinear var iab les  which have tseen in i t l aUzed

in the MPS data at v alues-; away from their  hound s —— see

‘lection 111.2 ) .  This  I s - ’ the de fau l t  op H ors- .

> 2 The column s of A correspond ing t linear ’ var iabl ec  will

be considered (same as k = 2 i~ th e problem is purely

l inear ) .

In all c s - i s - s - cs  the i n i t i a l  b as -~Ic is  chosen to I s - c s t r ic t ly  tr iangular

withou t. s- ’esar’ - I s-i c-  f eas ib i l i ty  or opt i r nal i ty .

1. The ( ‘his -H i opt io ; i  i s  ignored if’ a otart ini~ basis is specified.

• 
Y 5s-S s- 1Jfl ‘IVIl  k

;ar i  )‘ lrs- i s i s  ~, i- - i v e  , A l ’ A€s - s - s of k cause various amsss-u,j-s-ts o f  a-i I [tionmn i

inl f’or T n a t t ( s - n i  to he printed .

• SIM I’ FIT.5 k

i f’ k ‘
~~ 0, the last solut ion obta i ned wi l l  he output to f i le  k in

t, u s - s -~ forma t. described in  Section V . 5 .  V ar i a b l e s  are 1I~~t~~i by ;‘s t s - s - t ’~,

rips-ne and ,‘ a i s - ie.
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• ‘ -~As-’~~ - ‘ ‘,s-~~s- ’ -

An cv . ’ r - — i ’ s- - s - t i -  s -f ’  s - s - i s -  s- s- s-ri ’ s -  s - I  s - i s - )n l Z er O  e li-s -nti s- s-~ (s-s --: f f’ic i ’ s - s - i t s,

s- i , ) 1 n is - -  e s - s - i s - s -  r a I t - -- s- u - r’ I ,;

1. ‘() s- i s I C I s - N T I s -  is a , u s - 1 L i  a Lt e r n a t i v e  keyword .

• . The ‘ - s - - s - s - - i t T  - s - - s - f  i ’ s -  i s- ’ s where n is specified by 4h e CO LUMNS

‘ i s - - I .

• ERROR M~T-~ 1s- 5 s, - IMs -T ‘s-C)

The maximum numb er of error messages to be printed for each type of

error occurrini ’ dur ing Input . (~~ss-ould be large for early runs on a

part icular MPS deck . Can be lowered to suppress warning of non—fatal

‘ e rrors during multiple subsequent runs .)

• FACTORIZATION FREQUENCY k

- 
‘ At most k iteratio ns will occur between fa ctori zation s of the basis .

1. INVERT is a valid alternative keyword ,

2. Normally k should be around 50 or 60. Value s larger than

100 should almost never he used .

• h ESSIAN DIMENSION k

Thi s specifies t ha t  a k X k upper-triangular matrix R is to be

available for use by the qu asi—Newto n algorithm, as a -re a rs of

app roximating the reduced Hessian matrix. Suppose that there are

am supe rbaaic variables at a particular Iteration .
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1. II ’ s- i S ~ k , the fi rs t  ns c olumns of R will be used, although

a c onstant k (k + 1) /2 word s of storage are allocated fran the

beg inn ing .

2. The storage for R is substantial.  if’ k is as larg e as 100

or 200 . In general , k should be a slight overest imate of the

f ina l numbe r of sup er l-a sic variables . If the number of nonlinear

var iable s  in  the objective is nn then k need not be larger

than nn + 1.

3. If ’ ns exceeds k the quasi—Newton algorithm Is discontinued

in fav or of a conjugate—gradIent algorithm . The matrix R is

not used until ns decreases to the value k .

14 . The default value f or k is n, where n is spec if ied by a

S(JPE RBASICS card , or 0 if the problem is linear.

• DABED YES

IMBED NO

Determ ine s whether part of the LU facto r izat ion of the basis is to

be linbedded in the constraint matrix A.

1. If YES (the default), any non—spike column in B will be

refe renced in the L file by a single pointer to the appropriate

column of A.

2. It ’ NO , any non-spike column will be copied into the L file .

Th i s  will Inc rease the storage required for L but in gene ral

will reduce paging activity on a machine with virtual memory.

Execution speed may therefore inc rease.
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‘I

• I N I ’  - - ‘H i-: k

2 us -  s I  i t - - i Lnss - , - S l ’ -~s-’ L s - s - e ~,s - I ,- ‘ ‘ -  - f 1 ; .  The s- Ic  L’~~~s-J t j~~ s - - i c  (k 5)

s - . ;  t t s -c  Ca is - s - p _ i  t ;t ; ’c - s- s - nt .

• 
s - s -  I s - f ’ F I l .~,

[ ~s - ’ ; ’ “e~~~’ - ,~; a -~~ c - s - s -~~a ’ ~~~ ~~~s - :~ ,i n f s - s s ’ s - s s - ; i L i, on I s -  tthe t ons-s-a t ds-~’ ;s - ; r s -he ’1

i s- ,‘ on V . 2 .

3, . I ; e , - s - - st ,a s- ‘- Y J )c- s~~j -ors - s - i  P s - 1~~’ H f ’s - I ,

- . ‘,s-, I l l  r e  s -s~s - i o s~s-~ i if a p0(5 it iv e  OlD - i Y J [~ FILE Is  spec ified .

I • T ’~s-r}0’fl FTU - ’Q. IF ”~~’Y

2~-’~ ~- ‘A;~ i’OI~I2~A’l ION FREQIJ1~N(’Y

I • IT s - ’ HP s- ION~

Am u,~~r r  limit or’s- the number of I t s -’- sat  ions -s a l l s -,s-we-3 ,.

1. [TN ,~ is a j a i l s - i  a l ternet ive  keywoi’~l .

I ~~~. k 0 i s ‘ial i - i ; f ea si b i lit y  is checked hut optimelity is not.

I

‘ . ‘~‘hc I ’~ fa i ii t  value is- ; 3m + l Onin wher B m and rim are spec ified

i-y ROWS and NON LINEAR VAR IAbLES respec t ively.

• ‘ J  N ’ s- s -’,~ f~
1 i-i ‘ l O L - ~h!s-NC I -~ t

I For nonlinear proi lems’, this controls the accuracy with which a

mi ss - i s - n v;; of the oi” k r t iv e  funct ion will be located along the -i i rection

I 
of’ searc h each i t e rat ion .

1. t must he a real number in t,he r ar~~e 0.0 < t < 1.0.

s-- s - .  Smal ler  va l s -s of t gene rally result in more evaluations of

the objective f unction hut fewe r total. iterations .

I



‘
~~. The s-I efa ult value t = 0.01 request s a fairly accurate search ,

on the assumption that  the to ta l  work per i tera t ion is lar ’s-~e

relative to ihe work required in  evaluating the objective function.

14. If’ the objective is expensive to evalua te , t should be in the

ra nge 0.1 to 0.9 (say) .

5. The ]i,riesearch procedure
t uses in the following way. If U

is the cur rent searc h direction and g(x + ~
) is the objective

gradient at a step a along direction ci, then the poi nt x + s-~~

will be accepted as an improvement over the point x if

g(x) ci

• LIST LIMIT 100

The maximum number of lines of MPS data to be listed during input .

(The header card s, i . e . ,  NAME , ROWS , COLUMNS , RI-IS, RA~ ]E, BOUNDS,

E NDATA , will always be listed along with their position in the MPS

deck.)

• LOAD FILE k

Refe rences a file containi ng basis Information in the format described

j f l  ~
“ s- ’ç’tt on V .3 .

1. Uses data produced on a DUMP file .

2. WIl l , he Ignored if a positive OLD BASIS FILE or I NSERT FILE

Is specified.

t p,çJ~~~c. u ses subroutine s UI SRCH and NEWPTC f r~ii the NFL Algorithms
Library . See Gill , Murra y, P icken , Barbe r and Wri ght (1976) .

I



I
I
I . 1s -~ I i s - - -~l J s - - , S J s - -y

-: )-~~ 
‘1 ;; i~ or hi s- s - u s - ’ ;  - s - S I  s- s -o ; ’ s - - i  1,1 s-c s- i s -  i t t -  J -~ -“  k ,,, ; i r’~ - s - - a s -  I on.

1 
s- 

1 ) C’ a i s -  s- I t  I ori s- the f’

• T ); ;(‘
~
‘ s - i l  I s -

I
t’ s - c ’ t C ’ - s - i  I s - )~ S I -  ri ’s- C ’ L i - i ti e s - e s - - o s - i  al l  a s - s t - -c s - ir e  I, v a ; ’ i  a s - - J , s -g s-s- o f’ s-’e

s - i ; s -~ s o n s - f  ~t ~~~ ~w i s -  i’ ;’oi s- • s - ~~ s - s - file.

J s - ’i t o  ‘:s-~ -
- ii “ s - s -  s- Cs -J s - l- 1 I s - i~ s - s s- i, - ,‘s-i r i r s - I s - l o s -, -a ri ’iy fro ni irv ~ular it Ies

I 
in  s - i s - - i R s -  - t i v - - . (Other e~~ -l~ s-~ i t  t -~s -_ ir s - dc cr c- v 0330 he necessary.)

C ’. It ’ s-11 1 s-s m s - s t v ’ :’ - a s - -  ‘ s - i t’s -? t ,o s- s - c l”R~~ , the ‘ i s - i s - s- at  lye value ~ =

1 —1. Os-- ’ s- ‘s-u (or I ~~s,s-) sac s - : — -~~ u -c I fio specify ‘ rn inur ; infinity.

• i! t~ OI” ‘s- )L,~~’s-~,~ s- ’ f - t

I l~U OL F ( s - I C - f i A i - E

I L ‘ IQ I  ~~ Lf- T~AN SF t

Tolerances for c omputing as - s - - I up d at i ng  LU factors of the basis. See

f ec’ s- - i c, ’ i l l s - :

• s - ? A ’ 
~~

J
J 

The r’ - s - q i i  r’e direc t or. i f ’  s - ’~-L im i z a i . i ris ~M I N  is ief ” ; s- i i l t )  . mis

app lies t~o t u i l i  L i  near s i r s -  I s - s - s - s - ! s -  1 c s - s - c s - l i ’  s - s - i n _ i  in the ob jec t ive .

I • ~WLTIPLE f l i l C t - ’

I f  k > 0, t h i s  aver—r ides t,t i i A f - ’i ’IAL Ps-s- iCE parameter.

I . ~ls - ’ai - - ’v e r s-i PRIC E operation is ’ performed , the k best rionbas ic

v a r i a b l e s w J l  be selec to - I ‘ o r -  s - ’ i - U n i s _ i a i  on I n  s - s - s - c  superbasic set.

r
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2. Ws-s- rnirsi~z: I t ’ k ~ L , this  put s- ; V I N O I  into “reduced s-s-’rad ient ”

mod e even on pure l y li near prohle rs -n ’ . The sut s-aequent i terat ions

s-Ic car’r s-;,spond to the very ei’ : ’ i s - s -  i ’ s - s - i t ‘~Ainor Iterat ions ”

c a r r i ed out s- s-,’ i~ t r i e d  ard r,.p syrs - tern: Is i n_i” s -n i l  t i p le p n c  i rig . (All

a ’_ i s - ” s -rhas ic a wi l l  hi-_i van e I r s - imul t ’i rs - e o ’is ly .  Note however that

l a s -  s- s-l storage requirements’; are is lepe r s-dent of k ; henc e k

s - ies - s - i not he limited to 5 or Q as i t  is -in standard LP systems ,

‘Nhich require k vectors of d imension m.)

3. On very large nonlInear problems it may be important to use quite

a large value of k for the first few hund red or thousand Itera-

tions , as a means of “getting a lot of variable s t~oing
” quickly.

For example , if a problem has 3000 variables and 500 of then

are nonlinear , the optima l solution may well have 200 or as-ore

variables superbassic. IL’ the problem is solved in several runs,

it may be beneficial to use k = 10 or 20 (say) for early

runs, unti l  it seems that the number of superbasics has levelled

off.

14. ‘i’ s-re default strategy (no partial or multiple pric ing , add one

va riable at a time to the superbasics) appears in practice to he

preferable once a near-op t imal solution has been obtained . This

Is part ly because the projected Hessian approximation for

superhas ics is likely t.o be improved more quic kly for an expanded

set of s + k superhasios if’ k is only 1.



s-a .  M s - l i  s - -  s - s - -~ I- I s - i r s - - s - s - i  a L i ’ ’ i t , I~ i t ’ s- ’ -- c ’ s - s - s - c s - .  s - - s - i ’ s -_ i i ’ s - , I~s ’ s- rs- PA RTIAL ,

I-k ’s - S ’ s- 1. f ’ ’T ‘ i is- T , His - ’  0, s- ; ’,’ c : ,  I s - s - s - s - i r i  - , ) s - J  1, 1 ii c s - s -s- — c ’ s - s - s - s - i  —

s i t s - -  I at C O r !  s- s - C t ’  ( s - p - s - - mt., s - i s - s t .  ‘ s - c -  l s - i 1 ; s -~i i  e r o s - - I s - a s , tic s - _ i

c ’ s - I  i- ’o s - l — , ’ r ’ ; i i i e r it  s s - - Y Is - -’ s - c ’ , i:~s- ;; ’ s - s - L t c s -~ i s ;  s i  i c s - i r tlY len s eI ’fic Lor i t

s- s - s i : s -  ‘t s - c ’? - I s p i cY  r s - I f o c ’~ I s - s - u .  ~or - n i l  i s _ i s - i s - ’  s - s - r r i f j o n - s -, tt s-~ rnethc~I- I ’ s - C  - s- ’ ‘ ri ’ i s - ; ”  s - - r I , “ s - s - s -I C ’- s - n  as - ,  - s- s- S H Y  I t ’ s- ; i I 1-  c - C r ’ s- rs. ,‘f i s-f ;

- i~ - I s - s - f l  t H  I s - k  1, s - f l ’ ’  ‘ s- s - s - V s -i I ‘ — c u - s - i  s - c ’  1 -‘ R j~~ s- i~~ - r _ i r j f es - i  to

1 t ,~,s- s - s - i p s - s - s -  I I r i s -’ s - s - c _ i  i i ; ,; I- v s’s-i tar e 4 1. (simi lar ly

I f ’  k > ‘1, Ic - s -n i t  ‘,‘e-? tors arc r~-sfle’L ) Otherwise an attempt is

made to os-’ t o i n  a s - _ i t  t cr appro~ I nat ion , ‘s - a is-V some f in i te—dif fe renc e

t e _ i r c n i ç u ’ _ i .

• Ws-’,’s- - ’ s-s - J s - - i ”  FILE P

IC F 5’ 0, a Ci t  s-s-cap will  he naves- i  i’s - s i  f i l e  k s - s -v ery  j— th i teration,

- whore is - _ i  t h np s-.-n ified f~AT C FREQUENCY.

Due rica _ i l -‘ a nd -o f’ the fi le  wil l  conta in  the word PROCEED I NG

C l b s-_ i n - i r s ’ s - _ i s - c t  run is -s s t i l l  s - r i  progress (see fect ion  v. 1)

- 2. A I t  ‘os-s-p wi l l  also Is - is - saved s-st the end of a ran ( i f ’  k > o).

f t C ;  Is_ i s - h - i  only s - - a s s - ’  f i l e  affected by the SAVE FREQUENCY

f s - -s - u r s - s - r s - s - c’ e n’ .

r • ~ij~~~fl~~~ ‘,As -~ ‘s - Al ? L A C I K T  N

Th is s-_ ip-~s-c i f lu ,-u t h a t , the f i r s t N var iables  in the constraint matrix

a re to l - ’~ ret~ar-Ie  I rur ’ “nonlinear ” and ma de av ai lable as the array

— X (N) to subroutine I ’AIJIFu .

1 (7
i , c~

ii



1. I t ’ N 0, the p r - o s - - l e n  is a I I T c s - ’ ’s - r c i z ’ s- ,i ’ r’ s-s- ’s - i .

I’ . N et  all N v s - s - c ’ s -  ‘ t l s - l , s -c ,s n.e I as-’ - x c i  i s -  i t I _ y  s - s - s i - s - l i , -  I s - s i  ‘hr_i - s - s - s - i —

l i near ch ,je ’t  lye. For cx amp is -,s- , some of t a _ i c r  ‘ray s - - i  F 1XE J~s- s - c t

s - s ,s- rcna nent v a l -r er .  N s - ’ s - -s - C ow’ - ,’ , s- t h i s - Is- , ‘ r ’ r s - d l e n t  i ’s - - i l ’ s - ’ ; . s -  - 1 ( 1 )

s - - c s - s t be supp l i ’ ’ -i for ‘it,l — 1 , . . . , 1. Tic ’s- rs - nr ’ r e - s - t ,  ‘i a l, i ’’ s - n

fl .0 I f  va r i a c is- ,’ j  i _ i  ear’- ’ a t t a i l y s-c l f n ’~s - r ’  v a r c nble , or c ,
i f ’  the l inear -  icr ’s-i is - ; ;s -~ t alread y s - s - s - - i s-i c’- r in the linear

objective row.

,~ . i r s -  sane cases it is c onvenient to r’en’s-ss- rs-~ even ‘s-he log ical variab les

as nonlinear’ (e.g., in solv ing the linear c anpiementar ity problem:

m m  ~~~ subject to w = - Mz ~ q, ~~~ 0, z > 0 , w > 0 .  This

problem should be entered as a l inear program of the form

lv~ > —q, z > 0, so that the “slack variables ” may serve as —w.)

The value of N should Ihen be n + 1 + m (al lowing 1 for

the is-us-is).

• OBJECTIVE COST

The 8—eharactar name of the free row to be used as the l inear part

of the objective function.

1. If no OBJECTIVE card exists, or if the name specified is blank ,

the f i rs t  fre e row will be selected.

2. If ’ there are no free rows, or if the user (perhaps intent ionally )

spec ifies a non—existent OBJECTIVE name, optimization will

terminate at the firs t feasible solution ( s - i r s - les s - _ i  a nonlinear

objective exists ).
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r
If a s s - o s -  ‘ e s - s - sir ot - s -~~I Iv . ‘ s .  t i c - c c  i s - ,  c ’ s- ’ I t s - - - f’ s - s - u  

~
‘ s- ’ s--s -

~~ 
~

~‘ s - c -  c~ - s-s ( s’s , x
s-

) s-c _ i  ‘ ‘ i c ’ s -  1, 1, ocie ;J i r s - u ; s - r i r s - I  i s - e s - s - i ’  s-’.s - id I s - c s - -. ‘s - c

v - ”s - r i ; s - l ’ l ’- ; ’ s- ’s- ’~ s - - - ’ c,’i h ” ’i ~,’ , s- Is -c - J - - - c , - ’ c s t , _i O f ’  C r is - s - y  s - c

T -
‘ ‘F

a - s - i i ’ s - - s - a l  sss- C t e c ’ r ; s - i t s - v c _ i  ic - -7s . s--s- i . C ;-: ‘ ,s -x ,s- s- (s-
1

X
1 

‘t h en

(o~ ‘ i i i  us- ’ c s - s - s’ s- y Is - c -  s - s -s - s - col l ie s- ri ‘ s - s  s- OJ3~J 
- -  s - i ’  es- s- a s - s - ~~~

I - - rk ;

( 1 ) I f  - ,‘ x s- , s- s- as s- s - es - ‘ ; s- - s -- s - s - - cs- s- n e -I r, , 1 c 1 o s - i s -  irs - s - _ i  f ’A1 ( ’F- I ‘s - s _ i

- -  ; , s - s - s - ’ t,, 01 s - s - _ i s -  - ‘ is - ,  - tion f5 ‘
s-~~ 

, t , t ;s - s c,c l ’i C s -
1 

,- ‘ ! . - ) - s - , I  I s-_ i

‘s-je ’ s- ’ s - s - s - a -d i s - c  tb MPs-, f’jlc;

Ic) e s - s - h - ; ’ - - ,

~ 

or’ s-_ i
s 

or ’ s - s - of  I “ ‘ i ’,’ s - c  Rb , ‘ ‘mt

• OLD ‘s - As -  s- FILl’S k

- - ‘ i ’ s - - - ; ’  a h i s -  s-car s- to u c ‘s-ne -I f’or’ ‘C ’ s- s o s - s - i s - s - n  s - s - c l - s - I  s - o s- c s- see C ’, s- c  t ,j 0 - ,

F > 0 l akes p r ’ ; ’ - - len- - is -  ri s-j’c r s - s - s i is - i -fbi 1’ is-_i or’ a nAi-  is- 10

• I s - s - s - s - TEAl ,  s - F i r s - -

‘ s - s - : ’,’ ” - s - ” t ” i y  A -~~s- l 1  l ’ s - -  i s - ’ rHu ’ s -  j c c t u  ~: cal  s - s ; s s - ’t I t i o n~ A ,  . . .,

‘ cc ’ tri ’~ ‘o-c” t i - i s - ’s - s - , os- se k’- ’ t i r c s -  s -i co ’s- s- is-as- c to ente r the s-s -is is . ~1 ’ s - s - ” s -- ’ i s - l s --/

s - _ i s - i ’- s - s - s’s - s - - t i c s - o s - u  A . wil l  he s - , i ’ i o ’ s -  c , ‘ lb s-V wltIc s - i l l  e’ f r i  ,s-s i, s ic _ i ks-i .

1. A In cu s - s ’ a l wr i ,yi s 
- 
k as -s -os-c l a s -  - set t i s - I, unless s-u is large - - ‘ s - - I

‘c c <-a s-i , wI_i c’s-~- A is m by s - c .  D i s - — b C ’ s - - s i t  v - s - lou’; is k 1.

2. Pr tc ins -’ st , s- s -p . : i t ’ ‘u - s - a  s ’s-ab le in A .  or s - i s irs - s- -cc v a r i a ble has a

favorable s--e s- i s - - e l  s- c’s-- i b l e n t  (as I s - s - I s - T ed  by a d ,vrs -’ -n is - tolerance).

~~. Sh e  sv ,- K t ,  p r i ’  s - s -V s t - s - s - r I ; ;  wits - c s - s - r . r t , i i ion A J 1 1

U ‘,l



I_i

• PR0RL~~ N O. 3

For nonlinear pros- s- ems-_i, this allows s--he user to set the pa rameter

“NPROFI ” i s - i - ‘us- r s-’s-u m e  CALCFG . Seti ~ec t, ion I TI. ~~ .

• a ps-j s ” s -  is- ru- k

I f  k 0, the I’i ria l sols-it i n s - i  obtained wil l  be output to f i le k

i s - s  the format s - s - es - s - cs - r ib s - s c - ]  in s”-ect ion V.2. For l inear  problems , this

Corns-at i s ~s C o mp r i t i t - i c  w i th  var ious  c ommercial systems .

• FA s- l- c’~’
~ HANIIEOO1

The 8-charac te r name of the range set to be selected from the MPS f i le .

1. RNG (or RNGS) are va li l alternative keywords.

2. For multiple RAN GE sets, see notes 2 and 3 under keyword

BOUNDS and interpret appropriately.

• REDUCED GRADIENT TOLERANCE t

For nonlinear problems, this controls the extent to which optimiza-

t Lon is restric tesi to the s- s- j , s -’ r s -s- rct set of basic and superbasic variables

( i . e . ,  Phase 4 iterat Ions), before a new nonbasic variable is added

to the superbasic set (Phase 3).

1. t must be a r e a l  number in the rang e 0.0 < t ~ 1.0. The

default value is t = 0.2.

7. Smaller values of t generally result In more iterations .

l arger values may be satisfactory, particularly when the current

solution is far from optimal.

1 

-s-’,. -. ~~~~~~~~~



- í
r

c’ s-
, , s - -~ s- rc s- s_ i c ’ s - s - - ’  ‘ - - - e r - i ’ - a 5 s- - s-.s - s ’’: r’ to ‘ a s- s i c ’ s - es -  s - i —  5 _ i l ?  s-s- s - _ i t ’  s - I _ i ;

s ” - ; c - s - - ’~’ c  - ‘ i’ s - i f  s - s - I  ‘ s - s -, a s - s  a s - , ’ . f t . s - o s -- s -  a s - s - - a s -  “ s - - i ’ ” - q - j ’ ’ - ’ , I r s - ’

1 Ys -s -”s- ’ s - o s - c ;’ t o  l ’ ~~s - ”s - I r , , ~s - e s - s - - s - s  ‘ s - c -  - ‘- -  - - - s -  ‘ r ’  -- n t s- ’s - - - ,’ ’ s - s - s - - ’~
s- a

ce r’ s - s - s - s - ,  vs - i I ; c s -~ .

1 1 , ’ - c s ’ s- H i  f, I s - s - : s -  s- ’ s- ’ L 1 r - ~’ - ’ s- n ’ms- ’s- . ‘ n s - s- s-_’ - s - s - ’  ‘s- v s - i ’ -  s - s - s - s - i ’ s -  X . 1 ; -

s - s - - I s -  s- s- ‘ 5 , - - - cs ” - :’b~~s s - j~’ ‘ s - ’ -~ s - I c ” -  ‘cc c ’ s - - os- t s - s -’ s - s - _ i - I ’ ; - ’ , ; i — - ’ s - - o  I s - _ s - s - i .

- s - s - ’ s - s - ;  ( ‘ n ”  s-~ 11 s - s ’,s~ i s - s- ’ - s - I  5 I s - c  rec s-c ’ i - _ i  l i s t  - s he h s- ’~~ ~ .

I s - s i n  Lly ‘
~~~~~ 

-
~ , sc_ ic r - i -  is t, Ii s -_ i “ c ’s- s s - - c s - - -~ 1 s-s -is -_ i t ” :‘u;’

I 
the s e w  aup s - c rs - s - ia s - c  . 

‘ S i t  seqsuoa s- s - I s - s - s - s e  14 j  u s - i ’ s - c t  in c as -  wi l l  cont inue

‘it  1 “s- s- cst ‘j s - s - s- :1 ns-_i s - c o _ i’s - sc s- C the r’s-_i 1 s - _ i s - : s - s_ i - j — j r’s- ’b s - es - i  Is- s - i c - s - t m ’  sat Ls f iec

( < t ‘
~ 

. (Other cs-Dove ;’- s-e s -u ce t e s t _ i  s- s - s oy o ’u -u ,s-e fu r t her

s - i I f - cs - ra t  s-~~cs - c ’s .

I 
• ill’’ hs - L~s - 1 I ) E b

i~,e - ‘ —s - - i s - s -s - r n - :  l e t -  name of the rhs voi~tor to be c_ i_ u s - s - s - s t ess - I rons - the

I 
nt 2 ~n I  s - i r s - I  s 0 ~s-

P . II no r ;., : ’ - x  i - s t r s -  a f t e r  i s - s - p u t  (pe rhaps  af t~er de letion us-’ small

s-~ i~i_ s - ’ f ’~~s- ’ s - s - s - s - t ,~ , s- c dummy Zu’ t’O vector is cu r s - s - ;t s--ac ; t i_i- _
b .- - I

• s-~H ,~- - ’ 500

J An ovs--r— ’u;:tima te of the s- i - s-ms -e r of rows i s - i  I t ie c ars -s t i - si  i s - u t  s-no trix .

f 1. If’ cs-s i , s  t ics- , r i-r at-er  spec’ i s - ’Ie s -b , tbL s_i iz e  of’ the hash table used

to hold I i i ’ s- row s-s-ames w i l l  usually be bm. The number uf co i l ]—

s i o m s - s - s  (an-i hens-s-c total is-s-put time) may irs - genera l be red uced by

f 

~ 

spec t~~~In g m t o  be larger than necessary (within reason).



• :-A ,r;- ’ j ” l ”~~H ” s - s -- ’ -
- k

P - cs - - - o s - s - ”  he  Is - Is -  c t ’ s - s -If  F f 1 1 ”  - ‘ - s - I sp - - i f ’ s - - s - I  a s - l ,
~ nc r ”  s - .  i s - ’

V - 0 arc - i Ic —, 0, —
~ s- - i t  us- I s - i s - s - _ i ’ s - -i s - - s _i ’ t , I s - ’ , - u ’ s - - c ’ s -i , s - ’, s - f l u l, :  - s - s - - ,~- s -  I I

a s - s n ’ ! - ; ]  ‘ s - j  s ’ s - i ’  C -‘~‘ic’s’y k — I ,h t - - s - ’ s - , t i c ’ , .

• IOLUT I s- s - s - I w

iu~- s- s-~n i s - cs - s - s - s  whethe r’ a s s - u i - c t  ion I ‘s I s -~’ f s - ’  s - - c ’ s - ’ ; f ’ s - - i  on l’s - l’s- 6 an irb / or

it s - t o iL to a - ‘s’c ’ i , ’i s - - s - i  l i i -,., s - c~ lol l s -w ; s :

w ‘,~.s-s - n s- I

YES The ic’s-al ;;olutlon s - I s - t r s - rs - ed will be printed on

6 (whether  opt~~ rcl - c ’  scot ) .

NO The solution will not be printed .

IF OPTflc~AI, The solution will  rs-e pr in t s -_ il only i i’ it I s - s - i —s been

de t ermined to i’s-e optimal , or if lb,, problem appea rs-;

to be infeasible  or cj c ’ s - c ,_ is -,~j s- dr_ i  1.

FILE k I f k > 0 t h s -,s- l a s t  so],ut s-on oi Ls - s - I s - s - s - i  w i l l  is-c outs- —

p s - it  10 f i l e  k whether opt s - c s - c ’s- i us -’ not ) .

1. II w i s  s-cl ans -k or is s- is - s -yt~ls - ir~r -ctf’s - ’s-c’ t hi s-ir s- Ys as- ’ , NO or FIL F i t

will be t n -c i t e d  as IF OP’l’flvlAI,.

2. ‘The If s - I .  ~ options ( iI - f , NO , II ’  OPT UcIAL) ‘nay s- ’ -n— ,’x ist  w i t h

!, is-i : FILE option.

~~. For I s - is - ; l at  and 3rd opti on s-c , i’loating —point numbers are pr ints - - c l  I
w i th F 16.5 format , and “infin i te ” upper or lower’ s-s-ours -dc_ i are

denot ed by the word NONE.

51i 
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I
I

- i s - ’  s - s - s - 5  s - ’ j  ~~ s - s - -  ~ , -s - , - h ’ c ’ - ‘ c c , s- - ,- I is - c L I - s - - i ’ , ,  - - Co s- ’ n i l -

I s - i - i - ’ - ’ - i t s - , i s - i — ; Lii  I i  s - i t ‘ s- “ f u l l , ’’ ” - u t _ i c c - f , ;  ‘is- s is-_ u ,J I. r i r ploi c ” as’

I ‘J .s- s-OOOO( ’s- h i

- - . s - ’- ’ s - c ’ e  s - h - -’ s - s - s -’ s - i t s - ’ - r  s - c ’ s -  ~‘ ) i -  ‘:, ‘ i i ’ ’  s -_ i s - c ’ , - s -  f ’ l l c -~~ L I s -~ 
-
‘

I
fOPs - ‘~ i - C l  1’IO

I - s-os- , s- -
‘ 5 -  F L I  i’s- 6

may lie s - s - a ’ s -  u s -ns -  s- s- c’ s- - i_ -s - i  s - i s  -to s - c s -  s - I — fans - sa t  s-c ; t,he o~’ I s . t ’as- i s - s - ill it  ion

I ( s - - . ,~. , i s -’ 7 0 ¶ s - ’ - s - f f f _ i s -j O ’ f ,  3 i c ~its c’s- re requic ’s--’- ]  f’ or s-u li_ ns-Lmberrc)

I • :‘f s - - s - s - ’,- ‘ ,4 - s- p~f’ ’

s- ” s- s - .- ’ , ’ s - l i — a  how s-cs -any superts-asic v a r i n i - l e a  are to is-’; c ’s-ito-ma -I for.  Sh oulsi

s- c be ,~, ‘eI in conj unction with a “i-IF [ If LAN D IM l~ft - s- ION ” ca rd .

1 1. in  some sense , ns. measure s the expec ted devia tion  I cons- l inear i ty .

2. ior’ssa I ‘Ly ‘s-s need c s - o s -  1_ i s - ?  g reater  ‘hr -n  nn + 1 whe re nn is

th• ’ ar s - s - - ; s -,s- s - e l  number of nonl inear  - i r s - i ’j c ib lc ’ , ; .

I
‘- - . i ’ s - - s - ’ s -, s - i s -  s - s  problems , ns may be considerably smalle r than rin.

as-  i — c - c s - O s - - t an ’ - if n_ is - i s - _ i  very i’ir s - ’€ s - .

• TARO~~’ -~ s - ’Ts - - s - - r i  -i -: ,’, t i ’ is - -:

- - 

I l l s -  5 ic ’ - ’; r sc - ’r ’i i r i v icks - _ ic s -  c’s- O is-’ c’ s - , s - i s - f l  op t imiza t ion  technique , and also sets

~~ t , t s - s -~ s - i -s - l i ”  ot ’ I . In effec is- it l’orr s -_ i s - ,’ the solut i on at -—s - s - c s - h iteration

I to Ite r &- ,~s - s - r”ie sb s - c s - s infeas [1 l ’s -  I f ’  the l i n ear ob,js- :cs-ttve row has not

ys- f r~~i s - s - }s-~ sl the value t . Th is  is designed to take advantage of the

I Il~



I
i s - e s- - i r s - I  u s - -: -  ‘t — rs - c ’w : elect ion p r x ’ e s - l s - i r ’ ; ( c s - H I J Z R )  s - i s - - t I - .~~~~. h’s - r i ’s- k

( bY s-’5) wh ich m s - i f s - a l a s - c o  t i s - ’  ~wn of’ i r s - I ’ s - r i  s i i s - i I , i l i - s  s - s - f ,  ,s - r i s - s -F s - I t er r i —

f s - u s - c  w i t ,hout C o n i ” s - r r c i s - _ i’ i t a s s - c l i’ w I t h  s - h  number ot ’ I s - s - I’e-s - ,~~I l c l l i t  i - s - a .

1. ‘ r A s - i - : - ’ i I s - -  vs -c ) ~- ‘C t ’s- - s - ’ t , i i ’ I _ I s - s - c s - -’; s. s- r io I i ’ s - s - s - s - is-’ c i t i I s - ’ s - s - t , i \ / ’ : .

s-,s- • The v s - s - i s - n a  - ‘~t ’ t should ta ke in ’s--u s- c -  - ‘ s -~ s-~~s - f , f , I s - , _ i I c-ac’ 1 i ons - of

c s - s - - f  s - s - s - s - s - ’ ’  us - .  0.- t I N  or Mis-,X )

“ . 1’~ I , ;  ‘e s - s - s -a s - - i i ly unwise t- ’ inV ok e tars -~eting c i s - i l l  s-- s - s - _ i s -,; t is-_ i k nown

- r I u s - ’ s -  to s - s -  - s - _ i s - i s -  — c s-p s- I cr s - s - s -  ‘L. ¶
s- s -~ fl s-~~~ r I l e s - n  s ppec ’ rs to s-se i s - s - f’s - - as ’ s i t l ’ ~s- , s-a u ’ s -  s- s - c s - - i n  - i s - o a f - i ’ s - I

and op t - im iz o t i on i  cont inues  nors -al ly .  1

5. s- -s - ca y clear unless-, you know what you are doing .

• l iPs-s-ER Rots -Ni) h

The default uppe r bound to I s - a  set u~~ s-s-li struc tura l variables

befo re any bound as-a t is s input f rom th~ MP~s- file .

1. A value of l .OF+3O or greater will be interpreted as “plus

i r i t ’inity. ” This is the b Ia s-u t value and therefore need no’s--

be set.

• VER IFY w

l) et ermines whether or not the c omputed gradient  vec tor from the

s-ic ’s-er ’s s ’uh rout is -n ’  CAJJs-FG is - s  to be checked nu merically . If w

is the word NO, the gradient will not he checked. Any other value

of w s- a equivalent to YES. Checking will be performed at the

firs t fea sible point found . Finite differences are takers- of’ the

objective value along two orthogonal -,Iirections . (If necessary ,

the directions will be modtf’ 1,ed to s-s -vo i d stepping out side the I
feasible reg i on.) The default v s -~lcie of w [a NO.

I)~ i II
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I
I —- 

, [  ‘ s - t ’ ’ ’ s- 11 s- ’ ’’l ’

rl s - s :,‘,‘ ‘ 1  i s - s - s - s - k s -s - s s - h -  ‘ s - s - - s - I s- I -~~ : s - - s -. ’ i s -~~- -~~ 
‘ -

~~~
- h s - s - q  -

I s - _ i’ s- i- ‘ ‘ i s - s - i  “n s- - I - ‘s-s - - , -  - ci ‘ s - - I  s - 5 ; s- , ‘ ‘ - u. s s - s - I --i . l ’ s- ‘~s- s - f l ’ s - s - f  s- ‘ I s-u t ( ‘s-np -

1 
s- 

l’ s- ( s-

a s -  s- 

1’ 

s- 

i ( 1  

1 I 

O ss - c vi i s - —

1 1. rs- -s-~- ol’ i s - - - ’t  ‘ s -  I L ’s- i 0 s - O s - c ’  is ia~
’ j c s - _ i  s -s -  s - - s - s - s - s - c s -  I ’ s - s - i - -s c r s - l~ I s - - s - c ’s- ’ I is-

s - a l -’;

I c- _ I ’ - ‘ -~,‘ ( s _ i s- - -s t ’ —s- ~s - ’c- s -c ; i of i. c , s -7- , -c ’ s - s ; .s -b l l i  i s - s -_ s - )

I ‘ c ’ s -  - 5 ’ - s - c ~ Co_ i’  s-s- ’ i  ,, — l for  s-~~s-X , as-~-~ c Is - s Ll c ’ s-s- l inear

i s -” ’  s- ) W .

1 2. J i ’ s- ~,n- s o , s- c ’s -’ s - s - 1 c’s- -s - , -~~ s- s - l i ’ s - e s  s-
~~~i ’-s- not, s - - a r e _ i  V’ s- ad it  s- so s-re st’s- , ’a ,

I I ’  n-s-’ s - s - V s - -s-i l - y  a ‘c s - c t c c -  ‘ s -f ’  s- c - . I n s - s  he lps to s-s - lioN for the

s ’s- s-as -’ L i i  s - ’~ tic s’, ‘h a  ‘s- -~‘rs- • - ’ - ‘ i n  I : y  ~h s - - user i n  t i n  lar~’. s - .

I I s -  al’s -a s- ’ ”~
- s-’ c ’  - 1’ s- s ’ i :J s- , ! 5 , . ‘ s - J,f “ S N ’ s - s - i s - ’ ’ ?  for s- h ’ - c -s -n c that  the s - c s - i n  of

I 

i s s - s -’ - ’ ’s - O s - l ’- I  i. s - t  s - s - s -, i s - c  s- € ’ s - s - s - i s -~~ o-v s- c-” I~ _‘,e r ’ c ’- .

t .  ‘ s - s - , s - s - ~ f’t’es-_s-t of ‘is- i s  i s - s s- , s -  f - i  s - _ ic ’ Ls-— r’ 5 _ i - 5 s - s - s -  s’s - s - i L~ t ,iorns of w ,

I u” If I” ‘~s-,s-~ is-le so.I s- ’ s - c s - s -c s s - s - s  ‘ - s - i s - t e l .

‘ I
1
I

II



V. Prs -s is - _ i I - i  1” Far ina t o

~‘ . ‘ 1 s - ’ e s’ s I t~~~s- ’ s - s - ’ s - ,’s - s- 14 i I I ’ .i~ t , s - ’ s s - t . s - -  L it - - ‘ i s - s - I ’s- f ’ s - s - s - s -s - i s -  i - s - s - s - I for

‘ s - c - -  -i c r’ s- s - s - s - i s - s - S  c s - s - c  s - s - s  I ’ l l ’  i s - s - I t ’- )  1 i r s -  ‘c s -  I s - o c t  I i i  . - “4ee I s - s - i  eels-inn

s - s - is-s-c l e s -  ar e i s - - S - s - - c  I - - I I - )  Is - - c ’ s - c s - cs- t h e  s i s - s - s - s - i  l i_ is - s - i s - s - I  i c s - L a  ‘ i  ‘- 1 I . . The

IOi ’ i c ’ s - i  I c ’ s- s - s - - o r b s -  in eac h t ’ i l , - s -  s- i c’e c ’i lph anuunec ’t s- ; iii t, ’ s- w i t h  th~s- followIs -

- Sc ’ 1 1 - s - i s - ’ 1)15

i- s- Ia I s - s - i s - c a l  res-s-ord leng th

olD/NI-iw BIT MAP 80
l UN Ch ,- ’ L U , - ERT F l IT - ’

DUMP/lOAF) FILE
fOJ ~ d I J O N  FILE 108

(Is-as-ye n’ s -- e eoc - s -I  i r s -  ‘ths- : s- n:! be - c r I e s - i  S Ot ’ c c s - c i v : ! s - s - s - _ i ’ s - -’e , e . s -r . , 80, 80, 80,
I “-

~~ respec t s - s - - a l ’,’. )

The C i l s - , shown correspond ’ t a  the optima l solution for a

s- s’ s-s-al l s- s - cu t  n o n — t r i v i a l  example , name ly the Weapon Assignment problem

Is - c I-i is-nmelb lau ~l972) , problem ~~ This is of the form

5 cc .
1 )minimize . - u . s-, 11 is- . .~ — 1

j =1 “ I s- r i

s - s O s - - s - a c t to Ax b , x ~> 0

‘Nh s-s-r e A has I i m er s - s -_ i i o n s  12 ?c 100.

‘f.l. 0LD/N~ N Ban i s - i F iles (h i t ~ rnaDs )

A h i t  map i s - ;  pr i ma c’s -  is- i intended for restarting the solution

at ’ s- i s - s - r s - O l” sI at a point t , t s - a  Is- was reached by as-n earlier run, either I
on the same ~robles-n or s - a s -  a related problem of’ the mme d imensions,

e. ~~~~~~ one which has a d Ifferen t OR.JkCT lyE, RHS, RANGE or BOIJN1)

s _ i~~t. os- ’ niffe rant matr ix coe f f i c i ent s ’s- .
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The Information saved is ve ry compact (s - n t rather diffi cult

to modify) . With  s-_ ic~ne computer systems it Is possi ble to u cce s-so

the bit  map at occasional intervals during a ron; in suc h can e s- s the

f i rs t  card of’ the file will provide a useful glimpsg of the rum’s- ’ cs-

progress-s so far.

As illustrated In Figure 1, the informat ion contained in

an OW or NEVI P,IASIS FILE is as follows :

1. A card containing the problem name , iteration number, current

status (OPTIMA L SOU~, INFEASIBLE , UNBOUNDED , EXCESS ITNS ,

ERROR CONDN , or PROCEEDING), current phase and current objective

value or sum of infeasibilities.

2. A card containing the OBJ, RHS, R?~ and BNT) names, M = no.

of’ rows in the constraint matrix , N total no. of variables ,

SB = current no. of’ superbas ies. In this c ontext ,

N — n  ÷ 1  + m

where

(a) the first n varia bles are those in A;

(b) variable n + 1 is the RHS (fixed at —1.0);

(c) the last m variables are the logicals (slacks).

3. A set of (N—l)/8O + 1 cards ind icat ing the state of each of

the above N variables. One charac ter HS(j) Is recorded for

each j  = 1, 2, ..., N as follows, written with FORMAT(8011):

I
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‘ s - c . - ’ s - s - s -  — i , ) s -  j ’ s- s - .  -c s--

c.’) — 
- c , s - ;  ‘ I ,  l ’ s - ’.’ - — s- c s- ,  p

1 : - s - s- s - c - i i - s  5 s -1 ,  : j c
~ 

_ s 5 ’  - s - s - I l ’ ,

C s s s - - - rs - , si s ,  Lc

I s  ‘ s - s - s - c - i ’. - - , i ‘ n I- , s - L ’  ~ i -w- - s - - n - cr- : !  = s - i s - s - p s - s - i  : - s - s - s - i r c i ) ,  then

- - 
s - c - - s - s - s - c  (~, is-’ I .  hfls - s -s- s-s- sa,rr is- s- i s-s’s I ri& ~ ‘c s - s  s s - s -  l s - s  ,j - s

- :  ( : s s -  ‘ s - c ,- , s - - 5 - c s - is - ; s - c ; ) ~s - r s c  I i  s - c o s - , c~; I - s  , ‘d L i s - s -.s- v~s- s - s e e

w ’ll L. 5 s - ’s - l i , s- - be b a n s - c .

1. • A nt ’ -s’s - i ’ s - c ’ s - s - - i s-
s

- I
’ J s - - -  c ’ s - s - — c ;

N s- , s - -  c ’(c , h s-.~~~~c s - ’ ; s s -  s - - I  s d  - - s- c s - - u s - s - i s - e r  and x . ~s: a value . These
J

- i v ,s- - - s - s -. t s - - s - s -  ‘ps- s-Js- J’O~ v~AT ( i s - - ,  ~ 
pc’ s - i s- . u s - )  and c s - i - c  terns-inc-i ted by

a c~~s - ”  w i  s - i s- .j = 0. b -i on s - s- a i l s -,’ j  -‘j ill be in the range 1 to

s - I  ‘ s - ’ s - i  w T  1~ cs’ - r rs - rs - ;p i s - s- -l Is- s-a s-i ‘- r s - s - s - -’ah le L’or w i ’ s - i s - i s -  s- s ’( j )  = 2

‘ 

( 5  s - i - ,  s - - s  s - i s -  s - s - c )

Ns-t,es in s- s s -~ i t  eL a rs -  Os - C ‘s-A. ’ IC i” ILF

1. C’ s- c’ 1 a c - s - i f s -  is pr i.s-it s- I L i - C -  not other’s-v - s ’ s - c s - :~ c -1

2. ‘lIce vnl l s s - ’ s - s s  I~i s - -~ i, led ~I s - i c , t  N on ca r d C must si~ r_i-e with those

f’or - ha ~s-’s-P, ’ f i l e  t h a t , ha n , i l s - s is- bee n read . The value las-id le-i

s - s - h  s - s - c ’ s - - s - s - s i  “ s - s - s -I p r ’ i s - s - tc -.I s - i r s -  ‘ i s - i  s - c L e~y ’s -’ c s - i t  t , s - not othei~~ise used.

‘ h .  s - s - s - s - -Is - S ~ , L s- , ~~~~~~~~~~~~ r s - I L s t  c’s - a s - i t s - i s - r i  ex ’i s - - t ly  IA value s 118( j ) =

(for t h e  s - i s - s i ’ s  V ’ s - u s - i L  h - c s ) .

s - - i

11



i s - .  Ti’s- c s-’s- ards c os -s - tai ninC s - s - is - s - i x / toes- ; s - c s - s - i. I s - s - cit occ s-j r irs -

natura l s - s - o l ’ i r n c s -  order ( ( ‘  . s - i . ,  sf _i ’ ’ l”~~ b s - 1 s - ’s- ‘1) . ‘I ’ ! s - s - : user s-n ay

m o d i fy  - s - c ’  extend this-s-s 1~i s - s L of’ s- rs - r s - in rel a t I v e 1,_i - - s - - ,s I l y s-s - s m ccc ’

as the fo1 lowics-~’s- po in t s  s-s- re i s - ar cs - s - _ i  i n  m ind .

‘c . The l id  shou ld inc lude a es- s- rd f’ ox’ a L l  v ac’ L s - i L lc s -n whose stat’-  is

I J C (J )  = 2 (n u p c c’l - s -’s - n t c ) .

s- . For s - s - ny  c- ly on  ,J s-ins-I x . ,  if’ I C ( j )  ~ 5 Is - a s- -s - cs - -i r is - -Lab le j  will I

normal ly  be in i ti al i ze l  at the value x .  and i ts  s-state will  be

reset tn 118(j) = 2 (superbasie).

‘
~~
. it’ u s - - ( j )  = 5, the value x .  wi l l  be recorded for nonlinear

var iables  but no other action will be taken (thus variable j

will remain Is- asic).

8. If the specified value lies on or outside the bounds on

variable ,j , or if the total number of superbasics has already

reached the Lim it  specified in the SPECS file, then variable

,j will  be made nonhaslc at the bound nearest to x ..

V.2.  p c J s -~~ Ij nr c ’s- i NSERT fl i es  ( tndu s tr ~r stand a rd )

These f i l s - _ is specify  s-i cs- s-s-~~j~ by a list of cards of the form

INDI CATOR NAIv~~l NAJc~~2 VALUE

as shown in F i b u r e  C. The ou tpsit to a FUNd ’s- f i l e  s-nay be used

direc t ly s-s- cs- input from an IN SFs-RT fi l e , e ither II’ or MI NOS or

( I f  the problem is purely l inear )  for one of the c ommerc in i  LP

systems. The various Indicators are best defined in terms of the

action taken on input. It Is assumed that the icasis is initially

the se’ of’ log ical  variables n r s - -,1 that the ntru -s ’ tursls are n onb is -r ic

s - it their smallest bound s - s - i absolute magnitude. /
I
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LNI i s - A  i Ps - -  A s - ’ U  s- s- 
‘ , ‘s-k - - hui ’~ ‘ s-,c’ T b L ’E P ’

~L ~x s - )  Aw’s - ‘ ‘ ‘ ‘ - c  ‘ s - s - s - - i l  l- i L t- s - 1s- : m L j s - s - , s H s- , - s - d Ic - 
- ‘ - I ‘ ,-‘-M - -

n o r s - L  c s - c s  s
_ i s -  t~ U Is-V ‘i’ ( s - r ~ s- s - c  r ’) c ,

~, s - s - s - s -

is- i. ( c~s-’)  Mr s-~~_ s-/ af is - ’- s - - J ( s -  ‘L’s- ’,- b - - ) ’ s- .’- c c
~~~~l c ’ ~~t , s - c - ‘- - - c (c c ; .r ’)

Pour s- I .  -

C-h ‘cs- s-s-s-K s- ‘/ r,s - r a L - l e  1s-IAMK 1 s - s cs - p i ’ s - ’ s i s - s - s - s -  oc~ t h e  v s - s - i s - c e  ‘s - A L  s .

‘
~~~ t.’ S  s- irs - U I L l  11

L .  ‘I s - s - u  hs -tsit~- s - ; s- s- u- - s - i  itp ’ ct I n ris - s- t i s -r n 1 c ’ r-i i~~’ . ‘n t’ - -x s - i~Ipl- . , ciO

f i r s !  X L .  o r ’  ~~~ ca rd , NPs-ME 1 ‘M i l l  L e  tIs - s -s -  C i r ’ s-~ t, s c s ”- i- s-c s - str’  s- - ’t e r’ - ~l

and s-I A Mh (- wi l l  L-e ~hc ~‘ i rs-s- t lo-~ Cca ’l, n i c - r U  s-c ’ not s ’;s -s- 5 I-  - ( I  s - n y

h~ nonb asin  ir r sup erkc ’i ; :  i s ’ )

L s - i  t e s -s - t -o r ’  7[ is s-s-n s - s - id  14  ion to the si r c s - i -,l ’ s - r - i  l o s - c s - s - s - c t  to n ilow

for non—vertex so lut ior s- s .

~~. [‘- ‘c ,p erh as ic  logicals are output b ’ s - c t .  These w I l l  he ‘s ome of’ the

inc ics-als w h i s - r U  previously s-ipp eci c’o-i s- s- s -s NIA~MH ( ‘ s - .  g. , -i ci, ’ I

- ~P , - ‘ ~~ , ~ll I n 1’ Ic- ire ~
- )

i-c . P I U s- I s -j s - s - d it- -J7! ’J f F  f i les  deal w i t h  tne sta U, c,c cs - s - s - c s - I  v ab - i r  or ’

b ’ s - c s - n i  va r  1 s-is-des , whereas SOLUTION files -leal WI I - -c s--nw s s -t ’s-ts -is

s - i s - s - - I  s- s -C s-
~~~~~~ j~~~

s- s- s- —

, . LI , -
‘s - i ’  I lL s- s -ar ’ds s- s - re cot output tHu ;~c i s - s - lc s - i s - s -  s-c v a r t ’ i i -  U_ is -s if the

cor re spond s-s -u ?  , vj ; 1 i  v-due is zero.

1
s - li
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s-~ ’ s -~~s- ’ c i o~~~~. L ’  L ‘~~~c

s - ’ ’:~ ’ s - s ’ ’ r i l ,’,’ os - c  LII ,  LI fi l e  - ‘ s -s - o s-s - id s - s -  s - s , s - s iO I s -  ‘ s - ’ s - a

— ‘l ie  o U t n i c cs- l i ’ Z’Os-s- ‘ c s - S - s - r I  : s - ~~T’ i ’ s - ! ,  O s - s  s- , s - s -s- s - ’  ‘ccc ,’ s - c ’ s - i _ - i .

‘s- s- i’s - b  ‘ °‘, s-lu , s - ’s c& -s - ( ) i s - l~, ’ I s -  ILl  ‘J f s - A , T O U  i, s Ci’- or NAIs-l ili i s - s a

- - s - c s -  - 1 . 1 t s - t~ s - i  r ‘,- s-i r I i I s - _ i .

,s- s - ’~ s- - s - s - s - - s -  —— it’ P or s - -: f ’ oc ’rr ’s-t I s - c ‘ cs” -’H for  a VAI I s - ” ,, the

e,- s p s - s - r s - e r i t  s -r i ’ . s- .’t  cc s - - ls -s-i s - , _ , c l s s L l s - ’ I C s - i  s - s - - s- s-~ is - s - c o s-s-

— s-c . A s -  I s - t I  - s - s - s -i C-i c C s - s - I ’ s - I __ s rs - r ’c:~ 1.-cc s -r i d s- I ts - - s - c ’s-)s-”P s- i ,  - c s - s - _ A L A  C a r - i ,

‘L , ci .Cl s-_ ie Lf ’j  s - c hi I t ional 5 5 ’ s - p c  r h s - s - s - _ i  1, 5 - :1, i ’ s - I s - ’  s- , s - l r - l L/ s - is - ’  I o s -  I s - s  als .

(P ,sps -s- such rs- s- - r wi fl, be i s-es-crc’ I 1’ ps- ’s - s - v i 1~~ ~s - s-i c ’s- la ha ve i s-ip i ie— ~

tha t LThM U s-L.t is l~u~ is -S- s - s - r  ‘ ;c fl ) s -” p L /cc s; s- a s s i r -  tha s-, !LAd-s- - Ui s - ,c’ I s  not bas ic . )

C . I L  the sp e c i f i c - I  s - / A L I c E  or arc b - s - f - card ic - c an or ‘ s - ’ ~ t s- s ’i ie the

- s -  cad s on s-~nr i ,ab le  NAi~~l, or if’ the i n t e l  r -rei - ’ s - c ’  - - s -’ s-supci’La s s - cs - i

has already reached the limit rspc-”c I f b i  i s - c the CPI~( C f iles ,

t I s - e c s -  v s - u ’ L r s - t s - l e  N~~lEi w i l l  be s-r s -’c’l- :s- s-s- oss -Laus- s - ’  s - s - t the bound nearest

i s - ,  vA I , ’l ’E .

ii

J
_ . ‘-1.5. o 1 Js-s-~I’ s-s-m d  LOAD I’ :

• ‘I ’ s - s - s - ce t ’ilec are ci  s-ni i- c- t o  c ’s - C l - H  s- i cc  INSERT tiles but

r ’ s- record sat s - i  i -nc l c , s ’ oc’cr ’ ’ c ’. i - s - c s -  in s-i cnnnn €,s - r  tic s-s- c is more ‘u s - ’ - - ‘ t ,  a n-i

rnor” ,s- e s - r a l ly s - s - ’s- IL f s - c - I .  i i i  j~’i r ’ tiCu lns - ’, s- ic  l ice. i n-s - tbci s - s - is “ , s - ss -’k’ between

F 
row s -s - s - s - s - I  colu~~ s- /s - i l’  1 ’ ’  L ‘ - s - s .  (Not -c t ha t  s- ; i , s-s- c~ -i s ;  i s - ,  I s - s - - c s -  t-ors s - s - c s -  I values

l’e ”er to ~s-~~ • s- i - c  ,n the 70L1JTION t ’ile , rather than the s- ’ li r s - ’ers -I os - s -- i i c u s -

i i  .I oc ’ i - - r , l  v a r i a b l e s . )

n
Fl i s - s - P
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r -4Ar ~1E s - lE _ A F -’:Itl i
~ i s - I I- l i ’  I

[ : 1 ,  : i s -  I ’ ,- /s- . I c _ i ~s-~~LI —s -’-

s - - b ’ s - 1i .’l 1 . I c s - i  ‘— s -t ”s - + m i

• 
:i”, iJ l s - _ I I - f  ‘ l i _ i

s- ps- : l i L t -  4 . I ”f I i . ,,5 L 1 + I I

‘ s- Es : - :  ~c --  4. s- - s-,j, ,,~ s - ’ s ’ -s- [ i+i ,i I
- Es- , ‘ I i ”+c” ._: . _L + k ’ ~ s - ’ I m 4 ’ i m  1

s-s- c - , s - ’ s -~ ~~~ j p ’_s-s- :i s -s - , L I-i— m I  I
c s - ’: ‘ I i I , l  i • s - i i i ~~~i i ,i i ,i p i + s - I ,s- s-

Es ‘L- - : 1 1 - . ~ 1 i i s-i i~i [i - I- i , i
‘ s - - is-i s- : ‘:‘~ :i  c - . T m i~~~~, s- [s ’F - c  I
- ‘ - p : , ‘ ‘ ~~i ,,~. i s - : l s - s - , s- , O + ,i I
1-5 , : ‘ :i -s 5. I 1 ,LC _c s-J s -t 1J 1
p :-~. - : 1 1 4

I s - H  4~ ‘ i ’ ’i 3 f ’~ f c + i ,s- 1
‘lb : : t  ~~ s- “i s-, L f s - s -  I “ s- s-’ L I + I i  I
‘ s -c’ s -, : - 1 -+~~ ~ s- . s- - 5 s - ’~~~siL l  4’I J 1
Is - s - s -: :- : 1~~-3 3.~:- .s-~ i i  ‘ s- , t + s - , i i

:- -: ‘t - s-~~ 4 . ~: s- ’ s - E : s - L : s - s I :I-f s - l i i
‘s- s-b :- - :  1 L s- 3  C. “+s - s -’~~U ’ s - C I + i i  1
~:-~- :- : - s s - s-s- s-4 I . s - ’ 1i”f ’4~’s- ,LI 1’ h I

3. s-i :U27s-’ I i ± m i . m
‘ s - s- Es- :‘- : s - , s- ,~s-
‘ -i -E s- :~:i S’i 5~ :ss i s-’s- s- - F - I l  1
‘i- Es- :- : i~~

’
~ ~ , . ‘ + c - l t l s - l : I + l,I i

is-i- . ,,,s- ’~t l  4 _ c ,,I’+ i i  i
E~ ; i si s- s - - -— , , s - . I I P  1 s - C’ s - I l + i i  1

‘~‘E: ~s - :  —‘1 . I 1 —1 ,1 .: - - - i 4- 1I  1
CE ; ( ‘-‘4 — :s-: . - c s-C ’ s -  s - l ’ I + i ,i i i

‘~;~s- i~ I 1 —
~~~

- . i’:- i i  ‘,-‘s- t ’i + I i  i i

E: s-—, i , i  ,j~ — ‘i i ~~~ 14 ‘ i:’+i ,’ I
F:F-1[’A T A

I I I

5 12 35 s- s- e s-

F i q’~ ri . F ‘Ti~~ 1 s - 1  t lIJI - Il - - 
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:- ,~ s-~- s - s -  i s - s- s- a “ ‘ m c ’ i~~ s - s s~~
’ ! s-~~s - s -~~ S r~s i

Z N L - I C A ’ Ols - iLA ,- L’l (‘s - -i s - s - s - c’s- c ) VA]I , i ,JE

s - s - s - sc r h o v r s -  i s - i  FP’ c ’ ’ s- s-’ “ . ‘l i e ~ , I H’ , o s -, L, s-’ ’ ILL , s- I ’ ,  Pb ,’ ‘s- s-is- I CF mea n

- 

- s - i s -,- s- ’ i - i rs - - , s- pc,’ e’ T i  s-ri i t , s-s-s-a 10 s - s - c s - i  ‘ - .ipe rUn s- - jr c’s- s- ,/F i :i is- s-c/’? by.

No tes s-s-i - s- i s - s -i ‘ s - i ’ s-

1. Vs~r ’is - s - i s - i e c s  are occtput in s-i~~tu s-cs-i i order , columns f i rst , then m’owss ’ .

LL or IlL cars-Is are not output for rionbasic va r inu i es  if the

-
~~ correspond ing bound value is zero , or if the variable NAME is

- (lower bound = upper bound) .

5. N nbas i-s - FREE variables will  s- s ic output with either LI or

I T J ,  i s - s-s-i tc ’ctors but w i t h  value zero .

Note s-sc on WAD c s - . s - t a

1. p -rm~ 1iy a -lIM P f i le  will  he ‘,‘s- i lid as a LOAI) file to

‘-cs- s -s -ts-i r ’t , ;olution of the s-cs - me problem.

IL. VA I s- I l s - -  is used only if INDICATO R is SB or if NAME is a

nonlinear variable .

5. If ’ the VA L IflI  on an SB card :i ies on or outsi Ie the h ound s

on variable NAME , or if the total number of ruperbasics has

ali ’~s - a s - Iy reached the limit s ; p e s - s - i I ’ i c s -i i n  t s-h - C P L ’ s-IC f i le , then

varia b le NAME wil l  be made nonbasic at th i s -  hound nearest to

VALIJF,.
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e h a s - s - i s -’ , s- c I - c s - c  ~s - s - L i v e  1 ‘s - s  U s -  1 i s - c t  ‘N i l l  is -cc  C s - s - s - c ,  Lu ’s - -s - s t e l  s- 1 I I I  s - : s - r

s - s - s -s-~ r eqs - i  i s-sc s - t  - ‘ s - s - cs - s - s -s- s - s - - c ’  Of L s-J -~ c s - i  Is - sc , S c s - , c -~, I s - I s -~ I ’ cs- ’ i,r -  i t s-C’ I i s - c l, s- ’ s-w

cs - r , s-i ‘ a , ,  m y  t f c , ’acc tha t  ~i s - s -  s - c s - I , ~s - ’ - c s - J s- c s - s - u s -~~v __s - c s - ess -  , ‘ s - i s -  I ‘ 1 Q  5 s-( ’ s - s - s - s - s - C

or ;s- ip s-c c ’ s - s - a - s  s - c  •

N ot , -, : IC th s -~ o~s- - s -  u s- t, i r 1 ,  i s - i s - s  i - n  , s , ;  c’I,c ,c ] s - s -  1- , ‘ic e -s -i s ; is s - s  ~s- s - r i a ’ s- —

t- i s - in r s - s - i t  i s - i c  -~ 
‘s - i l  r’e ,j c’c t o s s - s- is -c s - - s -  s - s - j  v s - s - c ’ s - - c t ‘

s-
I ( , s - ;  as - Is - I  i n’s - cs - ’’ , ’ s- s -s- s - s-

s - is -c s- s-I s- , s s - s - s - - c ’ s- ‘ ‘ ‘ , s- - 
s- s- c t  o ’ los -b C ‘ ‘ s - i  s- s-s .  T ? s - -

s- s- r -s-s-__j s - ‘ s- k s - i  ‘ - ‘s - s - i s -s - i  - ‘ s-s-c w s- c I ls -C

f s - s - v u rs - s - I s - c s-u ’ s - n -’ s - s - css-b s- ccs -qu e flts- l tc s- r ’ s - s - s - , i  o s - cs ;  f o r  s-”~ s - s ts -,s- s - l , s, :s-iorc to  the

1 a~ Is -i’, 1’s- it o - s -De c-v i s-se the s tar t i ng  p o in t  a C t s - s - s - i  s-i s -i’ I w i l l  s-s-ot, neces—

s s ’ c r i ly ‘be “ ‘cod . I?

5~ 
(s-j

~O~~ cn smnp Cs -s-s-cc i s - s - a )  If M variables have already s - -es - s -cc spec i Lied

as basic , ccc l— fu rther 135 indi c ators w i l l  P s - c t s - ’s - ’ 1 ’ r t c c - l  as s- though

they s-Here Cs-’. T h i s - s c  i ’eaturc s-nay be useful in c -cs-rsh Lnins-~ solutios-e

to smaller suhprob lems .

‘l•~4 . SOLUTION 1-lie

Fis -rure C i l l s - c _ _ c  ra t es  the Loris -s-at of th i s -  fi l e  s- _ i s- ~t p s - s - t  s- c t .  t h e

-s -s- nd ci ’ a run If r’c- - q s - c s - s - s - s t c cI icy a s-- : F i - l C b i  c ard of the I ’orm

SOLUTION FILl-I k

- (k > o) .
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—
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I’G s- ‘ ‘s - s - s- s-~~ s-
_
i s ’ s- i i s - f l  f l t s -~~ - i  5 ) 1  ‘ s - t  s-J H I s - S  s - -~~~5 s-~s - 1 5 , s -s- i I ,  I ~s - ’ s - s- I s -  s - s - s - s -

:s-: - ’ - ’ r s - t s -  ~‘() s - ’ - s - s -  I’O l l o w L s - y

1 . ‘I ~~- i - t rh o i’’ ‘ s- s- ~n s- - 
~~~ h I I ~s- - I ~s l o x’  s-,5 s-i ~

‘
~~ ‘ ~j ‘s-’  s - i s -  t , r’o I r i ’ i

‘.%‘~ ‘, I s-
s- s-~~~t ‘ s - S ’ s- ’s- s - s -~~’ O l s -  s- t s - s - s -  1 1’ - s-

i I ~~~ I ~- ‘s- ‘ s- Only ‘NO 4 L 1 s - s - s - ’ s -  ~i~ 4 s - / s - ’  Si

r i s - s-s- ’ i — : , s - i s - s - r u -’, C ’ s - r ’ x~~ ‘s-r e r o r s - t r o l .

2. “ ‘ ‘~~! s - s- , J”~ .5 j~s- - s - s -i s e s - - i  1’ s- ’)~~s- ‘ I s - s-s- 5)s- s- s - r i s - ’ 5~ l ‘,fr i iL ’Js -,?,5 r’ rs - t,h s-.s - r  h i s - i n  D~~~- 1 s- i . s-

‘. A s - s-y l~ s-I i’~~- s-5) r f~~
)s-i1,s - 5 ” R  LIM I ‘ s - 

f s - k i
s-

s-~~ , s - s - r ’s - s -  s- s - ’~~ ’ I ” ~~ t ” ( 1.oE~~o)

fs i e  w s s - n ’  I NONE.

In ~~s - s - -  h~~ S -o s- ’ Jfl , 1 0th I-~()~,I and : ‘LA s- ‘K s - i’~s- I ,v~ t i~’r’

‘s- !i~ :- ‘t) s-JW~ s - .  7 r i ’ s- ‘ U ’ ~ T i t , 1t i s - s - E s -i l s -s -~ s - s - i ls-~ I I s - s-is-u s -  Af l  i -/ fl I s-s-x r~

‘ilfl s-Lox nkü I, I l~ 
Go ’- ,

ix  the - s -j J s - 1,~)’L os- ’t ,  ions - , OB s-T GRADIENT me — s - s i , - , f or’ 11 s - s - ; ’~~~

I ss-~~s-~l s- s- s- :~~~, hs - - coe l ’ f ’  i r  l i -u t  i n th€- of - , ioc t ive row, soy c . . For

o irs - I  i r s -  ~~‘ r V~~:’ s- - :, ie ’ s- - , i t ’  I L  - so lu tion i s-
: feox ’-s-~ b1e , it rnors - r r ~ g .  + C

wh e re ~~, lo  ttto re l ev s- inu t  C omponent of the ‘r u-J ior i t  of the non—

1i ns- s- - ’~ r’ function f ( x )  . ( if ’  the solution is i:if’eas’ftio, ,
i s-~~st  c .

x ’ s- . ) (
s-the q - s - ’~nti  t ies labelled R~ )UCEI) COST ore I - I i s - s- ~‘e ,hs-c’s-,,,s-J

~r~ i i e rx t r ’  ~~ . = c . — 0T 5)~ (or r’ . + c .  — o T a ,) for  -.s-~~’Is-  co1~nnn
-
~ ‘1 ~ s- f ‘ I  s-i s-f

‘s-s- . . At  an optimal solution these should he zero for’ I ’s - s - I’s - j r .  variables

(‘~ t n b , i is ; H:T ) ,  nori...negative for variables at LL, non—positive for

var iables  at JI s - ,  and zero or very ~mall  ( in  ais -no l uts -e magnit” x~ 
‘
~

f or variables labelled G!~G.

7~
s- s-



r

I t ’ t I s - s -,- r :ol  s- ’, S O s - s -  i s ’  ! i H ; e ’ I T S
s-
i, (,5 , t ,h - s- s- s- s I r s - i n , : of l : s- x r ’ i r :  arid

- ‘ s- ~ ‘ I at’ s- s- , s- ( s - ’ s- ’s-
~~

s- - s - l ’  ‘ u s -  u s r ’ r ! : s - )  ‘PSl ’s-/ f s - s -~ s’s - ks - s - W s - i  s-lss follows :

i s - i ’’ i s - :  - - ‘ s - I s - u s -s-s- u  i L s - :  i j~~s- s-~~ ’ i i

—— var ’
~-o~ s- i r s below I t , :: lower 1 i n i t .

A -~D T , s - J I  ION “ l i e s -  ‘s : s - , !- ’~s- s-- i s-n l~ s- ~~~ ro s s - i s’ s’s- s -ie d i s k  I--y -‘s- r’elC—

0-O i l  s-- u s-irs-i prog ram whi ch  --: x I i’ii ’~ ts an- s-I saves certain value s as required ,

,s-ö’ s- lily for f’ :u’ us s - s - s - x ’  s- omput a ti o n  Typically t l is -’s-s- f i r s t  1~4 lines would

b e , s- ,~ i pr’ed. F -ox x~s- s- :s-rse qurn ‘s-. line should be re s-s-s- ’i us-- s- i iig a forma t of

Es -es -’ 1 s - )~~ ,

- FO~~AT (I8, ~X , 2A14, A~ , 5El6.~~, IG)

. 1 ‘Fhs-’~ or s- d of the hOW~
’ sec ts - ion  con be detec ted by the almost blank

L i e .  I i ’ t h i s~ ur i s -i t he  next 14 lines are skipped , the COLUMN S section

‘ s - i t s -  t h s - ’ r s -  he rend under the s - rss - m s - r format.  Henc e the inefficiency of

s- ’F~~P A ( ’K or x’e—r’s-s-a-i operations can be avoided .

I
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‘/1’ . hs- ’~~tn r t i s-s -s--~ ts - 1- -s-d i L’~~~
s- - i  k ’ x ’ s-, s-~~’ i - , s- cxrr

The p ‘~,s-oe I i ,  r~~
s- ‘ s - - s -  t , ~s- - s - s - s - , ,  i i’ s - i r s- 1 s -  t s -  s - s - i : ’ ‘ I ’  I s - :  t s- i s -  L s- s- - s - ’  s - i s -

, s - s - s - s - s -, k s -~~~j : :  (O il, - s - f l ’  ~s-~A i -’ , ~ ,s-~h ’f ’ , ID~~)) s-
~ , I i  i s - ’ t s -  n’s - v  k s - u  I - ~’-~~~~”~s-~s- 1’s- t o  -s

-

i s - :  s-y ut t I s - u ’ i s -  s- ’ ‘~~- C G s- s- s - s - s -  ( u  ~~~~ - i i )  s- s-i s - i f , i art:;. l i i i ’  s - u s - ,  , s - h o  j s - s- o-

i t - I ’ s- - s - s -
s- i t , , ’ Cs-: . s - i : ’ , ‘j l

~

s- s- t t s -  t o  s-’,’s- s - i - s- - l s -  ,f s - u,s- ~~~
s- ’ - , ’

~~~
’ s- t  p i ’ u I - s- k-sr i  h ors  s - -~ers - r s - o ’ i i—

k s - i , - 
~‘ I ‘V - - G  r’ s - s - s - -’ I ’  , ‘ s - s - ( ’s- s-s- t o s-

s -u  ]s - t L ’ i t ; s - ’ I H’ ri s --s - xs - s -  - s - s -  by s - 4 s- 0s- i i s - C t ’ .

1. (P x ’~ s - ’ ’ s ’ t s - i ’ s- s - n )  lxi ‘-~~ : s - ’ n s - i t i ~s- Fs - ’~’ s- i , su ’ ~ i- ‘s - S  r u , -- ’  s- s- s- ‘ u s -’ s - 5 f l~~t h - C 5 —

1e : i  ts- i i l ,  spec “ I - ‘ x-u i r s -  - s - I’ I s - i t’ s - i s -  I - Cs- L , - ) - i r V i C . For cs- ’i, s -ump ] , i t ’ UL

s-
s- I f ’ s - s -. s - s - ~~~~r va r iab le  that  h~ s s - s - s- -

i upper bound of

p T h s -  G s - s -’ i - s - i t y , s - i~s- i : i f l - ’ss - i s - ’ -i s - ’  i , ;  treated ‘u- s-i is-f ~t w s - s - t’e LL.

t ; : m ’ i i s - r -  i s -  ~
‘or I L  cs-i t - -s -I ’, if I l s -~ var ’ j, ;’s- hte ’s [ s - ) , V s - s - s - I -  t - s -,’i s- r , -1 irs

s-n i r s -  i,~ i s - u s -  s - i~~ ;j .  No m~~~c , r ’ u s -r u s -  I s- ~~~~~~~~~~~~~ Hate —— s - wi t-:’n ir~

t-o s- xn~ s i s- s rs - iE~ even ‘wi th r i o n i s -- is-u ss- l ’
s-
’ i Ps -FE ‘i a r ’i ’ i I  1 s- s- rs . They

N:  1,1 ts - s - - s - t ,rented os - s h a v i o~s- vnd -j~s- z e r - s- . )

2. ( I ) e f” u - x I t  r s t s -u t u s ) I x ’ I h s - s -  s t rut s:’ of a var iab le  is not e x p l i  ‘i t l y

, s - j s-~~ s- s-’ i f G ’ s- i , l t  will in i t ia l ly  he nonbas ic at the bound which i r s

~~i~~llerst in abs-solute rnas-znitude .

~~. (Relax Ir i s -’ of bounds) Suppose that ir s - Problem A a cer ta in

v a r i o s - - s-le ;i has s--u jz
s-
id s:

0 ~ X ~ 5.0

ar~ that  when a solution Go saved, X is nonbasic at its

upper hound 5.0. Cer ta in  care must be taken if  the user wi shes

to r ;- ’ the solut i on to start some Problem B in wh ich the upper

714 1
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I’

1 s - - s - s - i  I r s -  X k’s - e s - ’ i t ’ ’ ” s  s- ’s- s- i~~~’,s-- s- - t , I s - ’ s - s - cu s- is -,: t , i s - s- s - : i  is; s - s - p s -’ ‘ C~~ 
- s-Os-s- - s- (‘

s - i l l  ‘ s-- :

(a)  It ’ th us - - s - s - r s - p s - s - x ’  hs - ’s-~~r i  x k i s - s - ,; I s - u s - : r s -  s- ’ s-~: s - s - s - - ’ j s- - , l os-s- s- I s - s - t~
j I s - s - h  

~~~~

s - s - s ’ s - s - - s i l l y  o u ’ s - ’ ’ x r  ( s - , s- . , is -lI ,  w s- r i  s-is- : t s - ’ s - :s-’ s s - I , o ’ s-
’
j  s - s - is - Lis-) arid X

s-v s-
s- s - - i  ~j  s-ie iP’s - l ’ s -  s - s - c s - s - i t s - i  - Ic s - i t  Gtsrs lower - ‘s - - s - I , (j ,  ( s-

(b )  II ’ s- s- I i s - :-  s- h i s s -  r o e s - i  “ s - i  s - s - ,~t-~ t i  s - ’ s - , r n s -s- Is - i s’ - - ‘ s -  i s - s - r I, f I ci i

i ’ s -, s - - i
s-
~~ , s - s - .  ‘ _ ,  0 <  10.0, X wi ’s - s - i :  ru s - s --i’s - s - su l ly  s- s - c - s - fl’ ’ u s - s -  ‘s- On—

ts- S s - S s - ’’ fli s- , s - s - s--
~~ s- ; -J ’ ’ s- - s - ’ s - - )  L ! s - s - .

I r s -  I’s - s - i t s -
s- i C s - s -nt ’s- ’ I ts - s- i s - i- ‘w - , s - I i s - t  los -i w 11 clea rl~s-- he ‘1 ts - ’ t ’urent f’ s- - i s -’ :.

the s- s -H .  In s - s - u r i s -’ s-i ’ t s- s - ’ s - t  l o s - i s - : t h i s - :  is - s - s - y  not Is--i - u s ’ c s - - i  uu ,s rs-cu ,

- 1 it  - s -S ’t ’ !s- i the ‘ s - s-s - s-u - , os-s -i s - it iO s - s -  Ts - s - Si ,’J 4 i 5 ’ s - > \f s -; I s - i  tz - i ‘ s-’VC5 ’ei~ I r r ’e s-us -ih le

or s- s - r  Los-sr ly rem )v es --1 s- ’rs-s - s - rr s- s- i f s - i  I ro l l -

n
i- I Ifs-Cs- ’ same s-’ o’s-s,ient,s-’ apply i t ’ X were F ’ I > ~ED ‘ u s -. 5.0 in

Prob ls-,’m A.

To ~~ta s-u the ori s- s- is - u -s-i soIu~~i s - i  s--re” i s s - ’l y (o i l  other thi ns -s-s
s- s - s - s- lag eq u a l ) ,  the wsur os- s- s--s -i on ly u’s-c s - q i s - e: s - t  t hat  ,~‘ t s -u ’ made super—

b r i c i - :  a t  the rc-q t s- s- s- i r e f  val ue -~.O. s - t h i s - ’, n c - s - i s - u s - :  ~~
s- , r ’ s -~~ t~~~ s- l n s - _  a card

cs-f’ the f ’or ’s - ,

s - i 5.0

near the ens-i of’ a i s - i t  map, or a n

51’ X 5.0

r card nenr the end of an INSERT ox’ l O A f ’ s- f i l e .
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In  a l l  oases , t. ls-s -i s- i s - s - s -- e r r s -  s-
s-’ ,

s- s L it ’ s - s - s - l i ’  mus t I s - i  reqiles f - s - - i  t y  a

card of the form

k

s-Nh s- ’rr it i s - s  at Is-c s-s- Is- f , s-ir s - l s - s - r s -s- e s-- un tI ’ s- c - ri - , is -n k s - s -- - r ’  of ’ superha sic :s-

i s - e  I ng s- s- -n ec it’! s - s i

i s- . in cs’s- - s - u (a) ruhc s-’s- ths-c s-s-nc r may happen to know that  the  uppe r

bound 5.0 in Problem A will eL’fects-ively be a lower b aind on

the optimal value of X in Problem B. Of course it would then

he s imple  to >-lefine the bounds on X to be

5.0 < X <~~~

in  ths- ’ MPS data for Problem B, as -os-i no ñirthe r act ion need be

taken.  In case (b) ,  the bounds

5.0 � X ~ 10.0

roul-i he included , and the state of X would have to be changed

f’rc~ii IJL to LL. However , when ma ny interact irv~ var iab les  are

involved it may be - i i f ’ f i cu l t  to determine in  advance that X

will move above its old bound; the previous method (making X

superh am ic)  irs- then much to he preferred .

7(s- 

1



5.  ( ‘ j ’ j , ’ i i f s - ,~~t i l r ’ts-
s- s- oi -u irs - -I, , - )  If F’ r ’ c s - ol-s - ru i s - -  A s - s - s - s - i l  13 ho - ic I t s - c - ’  tiou,nds

O ’ ~~X ’ ~~ 5.~ )

O~~~X _ 2. O

r e s~uec s- t i ve l y , a rid if >1 is s-s-~l s -’u I n  at it - s  upper l imi ts- in

Prob lem A , there is -i no way in gene ral of ini t ia l iz ing X

- at value 5.0 for Problem Es. ~-AL NOS wil l  mov e X to its

nearest hound , is- st th is case 2.0 , and hopefully most users

- s- will be happy. However, note the following rule of thumb.

6. (Other mo,iificatioris) Wherever possible , a series of problems

should be ordered so that  the ris-ost t i gh t ly  c ons t ra ine i cases

are solved f i r s t. s-Their solut s-ions wil l  o f t ’s-- ~‘s - ’ ov !s - i e  f e a s ible

s tar t ing  points for subs-sequent relaxed problems .

H
Ii
H
[1
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VII. The It e ret i ,’vi L r ’

One l ine s- i s - ’ i s - s - f ’ s - s - s - ’ s - rs - t s - f ios - s- I s - - : e s - l i t ’ s - i  on ‘ i t s- i s- s - s -
s-

s-s - ’ s - s - ’ y  t’s- — s - r

i t e r a ti o n , where it I s-”, : — ec’ i t l e s - !  -
s-

’
~~ a i,s -urd  s- if ’ the f n x~n

FR1~IQUEN Ls-Y k.  s - s - s -s - s - s- s- s-s - f ’ s - s - s-il I 
s-
s-: s-u I s - is-i IS it ‘- 1. t i e  to r’ s- s-s-- r u t -  Ic-s-nc

10 w ill  :-i s-i ’,’e is- S u s - s - s - I  t
’

s-s - C t i ; i  I ‘. 0 1  j J s - s - s -s-’ s- f ’ ;,-s - s-~

In thu i s- s - u i , I ow! rug i c ’s - s -s - s - s - r i  p t ion , a P RICE o p u s - - s - i t  I - s- s- i s - s  l et ’ i s - s - c -i

to be the process by which orus - s- or more s-
~~o ’ ds- s - s -- s - t s - ’  v s-’ r ’ i s - s -  s - i l ’s are

selec ted to become superbasic. Normally , j u s - s - r, one v ’ir ’ i s - s - f - l e  is

selected , which we wil l  denote by s- J. If ’ the problem is purely

linear, variable .1 will usually become b a s i c  i r s-s-mediately (unless

it should happen to reach its opposite tours-i and r ’ ut i s- C r~ T O  the

nonbasie set) .

If Partial Pricing is in effect, variable J is selected

from the mat r ix  [A~~ I]  whe re ~~~ i s - s  the P s-~ - u h  pa r t i t ion

of A , and I co rrespond s Lu the ~l~ek v a r i e I ’ s - l s - - : s .

If Multiple Pricing is in en’s- nt ,, several var iai ’- l e r s  may be

selected from the whole ma tri x [A I ] .  In f, t s I s - s -  ease J refers

to the varia b le  with the largest favorable ‘s - er- ’ Is - s - s - -I co st. ”

The iteration log irs -- s- i s-s-den the follow i ng i tems.

7h
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I

I 
ITN The curren t iterations - n umber.

PH The current phone , s-s I ’s-)lloWS :

I
l => Phase 1 simplex procedure (the current solution

is infeasible) .

I 2 ~ > Phase 2 s implex procedure (e .g . ,  if the problem

Is a linear program, or if none of the nonlinear

var iab les  is bas i c ) .

I 5 ~~s-> A PRIC E oper ats -’) s- i has just been performed and

the current i teration is a non—simplex step.

1 14 s-~~> Optimization is being performed amongst the

current basic arid superbasic variables (ignoring

the nonhasics).

I 

PP The ‘s-Partial Price” ind icator , reset by the PRICE

opi~ration in Phase 1., 2, or 3.

PP = 1 if partial pricing is not in effect.

PP 0 If variable J is one of those rejec ted from
r

the basis by the previous basis factor ization .

r NOPT The number of’ “non—opt ima l ” var iables present in what—

ever set of nonbas ic s - s-  was scanned during the last PRICE

operation.  Fieset in Phase 1, 2 , or ~~ .

DJ/RC In Phase 1, 2 , or 5 this  is “DJ , ” the reduced cost of

the variable J selected by PRICE. In Phase 14 it is

“RG, ” the norm of the reduced gradient vector; i .e . ,  the

larncsst, reduced gradient amongst the current set of

superf arsics.
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-I- s-
s- IRS The v s - s - r i o t s - i c -  s - i  selec t,e- ,l by PIITC1s- to i s - c - C OInS? usuperhasic.

—SBS The variable  chosen to I c- a V e  t b ’ s -  s - s - c t , of super ’bo s - i s -cs

(to become either has i s -  or r i o t s - Inns -  i c ) .

—135 The variable chon s-~s- n t c s -  leave the  basis to bec~~ne nonhac ic .

STEP The distance moved along the current search -direction .

PIVOT If column ag 
replaces the p—th column of the basis

fl , t h i s  is the p—th element of the transformed c olumn

— 1B a .q
NSPK The current number of spikes in the LU fac tor iza t t on

of B. This is the number of non-trivial columns in U

(exclud ing ones that have been dele ted in earlier itera-

tions).

L The number of nonzeros in the L part of the factoriza-

tion of B (excluding elements that are imbedded in

the constraint matrix A).

U The number of nonzeros in the U part of the factor iza-

tion of B ( inc luding ones in sp ikes that  have been

deleted in earlier iterations). This does not include

nonzeros in a certain matrix F, which Is really part

of U but is stored separately as an upper t r iangular

matrix of dimension NSP1( .

NINF The number of infeasibiltties before the present itera—

tion. (Note -- this number need not decrease monotonically. )

80
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SINF/ If NINF ’ > 0, this is SINF , the sum of irs-fe asibilities
OBJECTIVE

before the present iteration; it should dec rease mono-

tonically.

If NINF = 0, the value of the true objective after the

present iteration is given (inc lud ing both linear and

nonlinear terms).

The following items are printed if the problem is nonlinear

- s-’ or if the ~~ase is 3 or ~

NF’G The number of t imes the nonlinear objective and its

gradient have been evaluated .

-. NSB The current number of superbasic variables .

1) RiM An indication of the t~1pe of modifications that have

been made to the matrix R being used to appr oximate

- the projected Hessian matrix.

H—CONDN This is an estimate of the c ondition numbe r of the

reduced Hessian ma t rix . More prec isely it is K ,

the square of the ratio of the largest and smallest

- d iagonals of the triangular matrix R , which constitutes

a lower bound on the c ondition number of the matrix

(RTR) that approx imates the projec ted I-less ian .

The value of K gives a rough indication of whether

J or not the optimization procedure is having difficulty .

I 
Let E be the relative prec ision of’ the floating—point

arithmetic being used . The reduced—gradient algorithm

will make slow prcgress If K becomes as large as

J 
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arid w i l l  s- ) r’ r Th s- fts-ly i s- n i l  I s - )  s i t s - - i  a ~s - -~~i , t , s- s-?r  s - ; o l u L !s - x t  i f ’  
—

K i’eaches ~~~~~

s - s - s- s - sr 1s -s- s - s -’s-~ cs. In s - s - i t s - h s - s - s - i ’ s -c - s i f s - c -  s -n t’

should

(1) check that  1-h’:’ c on s t r a i n t  rr s - at r ix  is well :s - s -’ s - i lc - d;

(2) n n s -~1-~ tne var  ~n2 1 e s- ;  invol ved ~~ ls-is -e nonlinear

- s-~
s-n s- s e n t ’v e  so that  the H ess ian  mat r ix  I , -; as well

condit ins - iC I as possibLe (i gr s-~~r i t i i s- ’ rows ~ ri’d columns

correspon dis- is-s- to nonbas c va r i ab l e s ) ;

(3) add -upper or lower hounds to ce r ta in  variables to

keep them a reasonable distance from any sins -gu—

larities irs- the objective or its derivatives.

C ONy A set of four logical varini s- len C
1
, b~~, C~~, 

(
~~ that

are used to determine s-Nhen to discontinue optimization

in the current suhspace (Phase 14) and c onsider moving

off a constraint (Phase 5) .

Let Ifl he the current norm of the reduced grad ien s-ts - .

The meaning of the C . is briefly as follows:

C
1 ~n TRUE if the change in x was sufficiently small.

C. is TRUE s-if’ the change in 1 (x) was sufficiently

small.

C
5 

Is TRu E if HG is smaller than some loose

tolerance.

C is TRU E If BC is smaller than some t igh t
14

tolerance.
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I
The test used is of the font’s- if (C1 ~~~~~ C2 and C

3
)

or C
4 then ~~ t o Phase 3. All tolerances are varied

dynamically.

I

I
I
I
I
I
I
J
I
I
I
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VIii . Tolerances for Computing the Brj si s -s Factorizot ion

Three tolerances ‘1’ , T0 and T are involved in c omput—

irig end updating the LU fa~s tor i z n t t o n  of the t a si s . They may

be set by specif icat ion s- ’ o i?-i ,
s- of Is - is - c - following form (their default

values are show n an c omments) :

LU F~~ TOLERA NCE = 0.01 -
~ DEFAULT Tr 0.001

LU COL TOLERANCE = 0.9 * DEFAULT T0 
= 0. 1

LU MOD TOLERANCE = 1.0 * DEFAULT Tm = 0.99

The use of Tr and T must be understood in terms of the “bump

and spike t’ structure of a basis matrix as int roduced by Hellerman ¶

and Rarick (1971, 1972) in their Preassigne d Pivot Procedures P3

end ~4
• The general aim is to accept the preassigned pivot order

whenever possible (sinc e it has close to the minimal number of

spikes) but to revise this order where necessary to maintain numerical

stability.

In this context , attention is restricted to the rows and

columns inside any one bump, and the diagonal elements between

bumps are regarded as bumps of d imension 1. Each c olumn in a bump

is init ially either a snike column or a t r iar~~le (n on— spike)column .

The k— th column in a bump fails a ~~~ test If its preassigned

pivot element is smaller than T
r 

times the largest rema ining

potential pivot in that column. Some replacement c olumn Is then

selected from the remaining spikes In the bump as follows . The
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I

I pivot elements a
1 

are computed for each remaining spike and the

- largest, a , is determined . Lets - column s be the first spike

such that a is laiver than T ~a . Then coluis-nns k and
S c max

- are interchanged.
t

The abov e process amounts to Gaussian elim ination with

--  column interchanges.

Increasing Tr 
towards 1.0 will tend to

(a) inc rease the amount of column interchang ing (sp ike—swapping) ;

(b) inc rease the total no. of spikes (if c olumn k above is a

triangle c olumn the sp ike count will inc rease by 1);

(c) increase the density of the LU factorization (fill—in

occurs only in spike columns);

(c) improve numerical stability.

Increasing T0 
t~~ards 1.0 will tend to

(a) increase (slightly) the density of the LU factors (early

- spikes are generally shorter and will have less fill—in

I than later spikes),

,s- I (b) Improve num erical stability .

f
I 

___________________

y 
t jf there is no suitable substitute , column k will be replaced

by an appropr iate slack vector.
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For lar ge—s cale problems the total s - s - s - i mLn s- of’ spikes is

cr i t ical  and a compromise ms -s-tn t be re s-i che I -et’N ’eri s - s -p n r s i t y  and

s tabi l i ty .  The iJ~- f a u l t  values for Tr a
~~~~ Tc are safe for most

problems . If numerical d i f f i cu l t ion  arise , Tr c ars -  Is -c  s-irs-c reased

to 0.01 and T
~ 

to 0.9 or 0.99 withnut  serious loss of e f f i c iency.

1~ rger value s for Tr may degrade performance s ign i f i can t ly.

For small dense problems ( i . e . ,  “non~~ p ” problems nich os

thos e arising from d a t a — f i t t i n g ) ,  maximum stability is readily

obta ined by se t t ing both Tr 
and T

~ 
to 0.99 (say). The loss of

eff ic iency will be negligible.

Stab ility during updatthz of the LU factorization is controlled

by the tolerance T .  In this implementation of the method of Bartels

and Golub, maximum stability is obtained via the default value

Tm 
= 0.99 with essentially no loss of efficiency. There is normally

no reason to use a smaller tolerance. However, one can simulate

the numerical properties of the me thod of Forrest and Tomliri (1972) i~ s-

setting T = 0.0.
at

% ‘/
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‘K. : s-~ys-s ts-c-rn 1 aVe rs-na t. i s- os-i —— M a c -h i  ne—I)ependent Matters

I The source code fo r MIN0~ is approxi mn t~eiy 8300 cards of

I standard Fortran IV. One cs - f the design goals has been to maintain

compatibility with the Fortran compilers on the principal large

snient~fic machines (e.g., IBM, CDC, Univac , Burroughs). At the

same time it has been possible to ma intain a reasonably high level

of efflciency and flexibility. For example , problems of arbitrary

I 

size may be solved without recompilation of the program, and the

method for allocating storage can take maximum advantage of the

I 
available word sizes on a particular machine.

The main items involved in installing the system on a machine

J other than the I~ v~ Systems 560 and 370 are:

I -—The setting of 4 variables in subroutine INITIZ.

--The hash function used in subroutine HASH.

--The file numbers used for the reader, printer and scratch files.

These topics are documented in the following sections.

IX .1. Precisi on1 Word Sizes

~~ 

— Four sca lar quantities must be initialized in subroutine

INITIZ to match any particular machine . Their values depend on

whether single or d ouble precision floating-point arithmetic is

requ ired throughout , and the ir meaning is best understood in terms

of the following values which are appropriate for the I1~ t System/370:

11!
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p j
EPS = lb .0**(_15)

NWO Iff )H = 2

NWOHI) I = 2

NWORDII 14 1

.s-s-

The variables in all relevant subroutines art~ implic itly

typed as follows :

I!v~~LI CIT REAL(A -B) , BF.AL*8(C_ G , o-z), INTE GEH(I -N) , INTEGE R *2(H) I

Furthermore , all array storage is provided by segmenting a single

array of the form

Rs-EAL*8 Z (M&CoRE ) )

For the IBM 570, the four c r i t i cal  values abov e are therefore inter-

preted as follows:

1. EPS contains the smallest positive number such that

W = l . 0 + E P S  I

gives W a value greater than 1.0. (We assume that the Fortran

compiler will c onvert 1.0 to double precision and perform the I
addition in double precision.)

88
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l •~
)
~_1~U 31’ LOA D f’lle.

75

r

2. NWORDR ~~
‘ s-n s- s - s - rs -n I s - s - s - s. i f  some array i~s- of :- ~p~ HEA L then

elements of tI s- i~ s- s -ir rny occupy the n ame L s - s- s - r s - s -j e  Ls-; one element

of the REAL~8 array Z .  3irnilar ly , for arrays of type

INTEGER ass-I 1N’I ’~s- s - g IKh~~~, the respective numbers are 2 and 4

elements per word of Z.

For r s- s - SchHeS ,s-’~~th sui table  single precision and r.u ha l f—word

ts - s - t e rs-s-ers ( s -~~. s - r ., fDr , rs -i rp, )s- s- s-rhn), REAL*8 ~s- rs-d INTE GER * 2 are replaced

~;y REA l s-is -id IN TEGER r’s-s-np ect ive ly ,  and the word—size indicators

all  take the value 1. The value of s-EP: should then correspond to

s~ ng 1e p r e c r n i s - s - s - .

IX.2. Su broutine HASH

This rout ine is ~~~~~~~~ for storing and searching a table of

row names durins-~ input of the MFS file. Some machine—dependent

“hash funct ion” is required for converting any given  8—character

name to a non—negative integer .

S-aec tf ication

r 
SUBROUTINE HASH( LEN,NEN ,NCOLL,

1 KEY 1,KEY 2 ,MODE,K E’YTAB,M UvIEL,MAME2 ,KA ,FOUND )

INTEGE R KEYTAB ( LEN) ,NAME 1(NEN) ,NAME2 ( NEN)

LOGICAL FOUND

~~thod

See Brent (19 73) .
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Remarks

1. The first app lication of the require s-I hash func t ion  is to

the integer parameters KEY1 and KEY2. These variables

contain the left and right halves of an 8—character row name,

rend under 2A14 format. Thus each integer contains 14 charac -.

ters left--,ju~tified. If the resulting bit pattern fs- r each is

a valid lflte ~or (as is the case on the I~M ~s-b0 an-I 570) s-the n

the statement

KEY = IABS(IABs(KEY1) - LABS(KEY2))

defines a transformation which will produce a suitable non-

negative integer KEY from the quantities KEY1 and KEY2 .

(Note that subtraction of non—ne gat ive  integers c annot cause

overflow.)

~~
‘ . On some machines (e.g., the Burroughs B6700) , reading the 

s- I

integer variable KEY 1 (say) under A4 format will set bits

which are reserved for the exponent in REA L variables. In

such cases the word-leng th will be greater than Is- characters,

arid the simplest solution is to perform a right—shift of N

bits , where N is chosen to clear the exponent field , e . g . ,

Ki IRSHFT ( KEY 1,N )
K2 = IRSHFr ( KEY 2 ,N )
KEY = LA BS(K1—K2)

90
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i.
s-s . NoLc tha t , K E’fl a nd KEY 2 s - s - r u  l at e r  s - s - i , o r~’ t  s - f l j  s-

~~ s - s -
s- s- s - s-j t r an sforma—

t s - l  on in ths-~ s-s -~te- s- ’ r a r t s - s - y r  NAMFi a n t  UAMi ’~ . It  s-mist he

~s- osr ;ible to p~s-rfor m a t s - ’ n t  for equal i ty  of’ t h ’s -  form

s- (x~~~l. ‘ ; .  ~~~~~~ ( i<T) . AN ~ s- . K~~~2. EQ. N~~,1H:~ (KT) ) GO TO 60

:‘vcr, i f  tite i s - i t  p a t tern  of arty of the variabl es  i s - s - v o l v y I  is

n c t  s t r i c tl y  that of an interer. (On th s - s -  ‘s- :rro s-s-~h~: 
s- ’s -~ 7OO

safer to replace . I’~~. by .

i~ “
~~~

s - s -  same hash funct ion must be useu later w i t h i n  subroutine

s -L4~ ’ii to p r o s- l i ce  a non—negative integer KPI from the integer

variables NAME1(KT) and MAME2(KT).

IX.3. Files 5 1  6 and 8

The following file numbers are to some exten t built in to

the system :

1. Elle 5 —— th card reader.

( s - u )  The SPECS file is normally assumed to be file 5. It

may be altered by changing the variable I~ThE C~ in

subroutine GO.

(h) The MPS file default value in ; 5. i t  may is-c altered at

run t th~e by a SPECS card of the form

INPUT FILE k
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Vile 6 —— ts - is -s- p r i e r .

All  i s - r~~ s - i t , c - s-i ) ! s - t p U t ,  i s - ;  s-
~~r • i  i ts - s - s - i Os - I 1 f ~ . ‘I b I S  inc ludes l i s t—

j~~ T5 of the . TI~ ’fl an d -~ V~ s- s - ut’ s- , pnura ;ac  t - - rs , i tera t ion log ,

solution , error message s- ;, etc . I f  s- ec e ss - s -ary, the characters

I T  may Is-c a l ter ed in all r ” s-levant  ~uibroutj nes.

5. F i l e  8 -- lb ’:  sc r ’ t v f s -  f~~1e.

( s -s-i ) ‘J’hjg f’I Ic is u. s-ed i s - i s - m g  input of s - b e  ~~~~~ f ile . I t

fac i J  itates interpret s- i - s - i - of free—fo ss -na t  -l atn u in a way

that is machine—independent.

(b) The scratch f ile  is later used to store ROW and COLUhThI

names from the ~~S dat a .

(c) For both ~ irporc.: the rec ording format should be fixed

and blocked , with a logical record length of 8 characters

(n.b. not 80). The block—size should be at least 800

or 1600 charac ters for e f f ic iency. -s-

(i) He fil s-s- m is-u Ser may be ;s-ltero-i by changi ;s- ;  the v ar ie s - - i t s -

ISCRCH in sub rout ine  GO. It ;nust be d i f fer e nt  from the

value in var iable  ISPECS.

Note that certain files are ~~ub ,~~er ts- to a Fortran REMIN D ,

except if their file numbers are 5 or 6 as s-he case may i--c .

iX.4. U~ Lng MINOS as a subroutine

As cu r rent ly  imp lemented , MI NDS i s  i ; s - t s- bd for use p r i m ar i ly

as a “stand—al one ” system , which si~~~iy solves a s - e q  s-~s - s - i re  of problems

~rd then termi rt at , ts - s - - ;. I’ ‘ -ur~’ 5 i l lustrates the s - u I r s - t i  as- h i er a rchy .

JI
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1

f
f Acqui re
I Core

I
t ¶ 1 GO

SPECS2 MPSIN DRIVER

Read file Read MPS data Solve
ISPECS, Decode SPECS from file problem, save

output items fran INP UT, BASIS and/or
to ffl.e file ISCRCH alloc ate SOLUTION
ISCRCH storage files

A
Figure 5. Subroutine hierarchy
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In part icular ,

1. The MAIN ~i~o~ ram prov~~1 ~ ri .~ ing le array of ~j t i ~i~~~~ to the

system, thus :

REA J~~3 Z(20000)

DATA ~‘M o~

CALL G0( ~, wc~~~: )
RETURN

END

For solution of larger problems, ctora~~ can e easily increased

by chang ing the first two cards. Alternatively an assembly

1ang~iage MAIN program may be used to acquire storage at run-

time. (For example, the I livI 370 version of MINOS uses an

assembly routine to access all available core via a GE~I~tkIN

operation, returns 140K bytes for  buffer storage , and then calls

subroutine GO as above.)

2. Subroutine GO is a control routine at the root of the sub-

routine tree structure. It may he expanded for specif ic appli.-

cations. As given, its main purpose is to call subroutine

MINOS and to determine when all of a possible sequence of problems

has been processed.

J
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~~. ~~ih r o ij t ~~ ~~ N0S and it~ ~~I I — ~~ ro~~rnms ~onmuiiicate with the

:1€~ w~wI .  I Uv means of certain files , ludin~ the [ PECS ,

~~
!:., ~A~~I [~ ~~ J SoUTc ro~J ~~~~~ ihro~~ ~~e MIN Ofl also has

output parameters which define :

(a) the s topp~ ri~ condition;

(b) the i~ rnensions of the problem that  has ~~~~ been processed;

(c) the positions w ithin array Z (above) where certain nub —

arrays ire stored. The latter conta in  the fina l values

for the solution vector x , the dual variables iT~ and

the state vector defining whether each variable x~ is

basic , sup~ or nonbas~.c at upper or lower bound.

[ The subroutine structure is suffic iently modular to allow

use of MINOS in several alternative environments. The princ ipal

routine to he modified for a particular application is subroutine

GO. It is envisaged that in all cases, run—time parameters and the

constraint information will be input via the SPECS and MPS files

(rather than by construction in—core).

As an example , the dotted lines in Figure 5 ind ic ate how

Matrix Generator and Report Writer modules could be inc orpnrated .

r The sequence of actions

(a) Generate SPECS file and MPS file

(b) Solve

(c) Write report

could b~r. repeated 1 or more times.

(it 95
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Alternat ively it may be convenient to run the Matrix

Generator as a separate program. This could ‘ c r ~itc~ n cri~~c

of problem specificat ions on one SPEC[ f i le (since Lhe SPECS

file is not rewound af ter  processing t, the END card) . The

correspond ing MPS data could be generated as one Mi’S file

(with multiple RHS, RANGE or BOUND sets), or as several

separate files.

The Report Writer may access solutions eLther  externally

(through the SOLUTION file) or in—core (through the parameter

list of subroutine MINOS as noted above). In some cases the

SCRATCH file may be useful to provide the ROW and COLUMN

names as a sequence of 8—byte records.

A slightly different situat ion arises if MINOS is to be

used iterative’y for solv ing a sequence of linearly constra ined

problems in which the solution to one problem defines the constraints j
for the next. This is a possible approach to solving problems with

nonlinear constraints. In such cases it is likely that a large

portion of the constraint matrix will in fact be constant. The

Matrix Generator could set this up as a permanent file, while

generating the MI’S and SPECS files required for the first Solve

step. After each Solve, the “Report Writer ” could then

(a) Access the solution as described above, test f or convergence

and stop if necessary. I
(b) Generate new matrix coeffic ients and merge with the permanent

file to produce a new MI’S file . 1
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V

f (c) . ;e~ cr~~e an appropriately m o d i f i e d  SPECS file .

(i) Modify relevant parameters used ~n the object ive  function.

~ 
(e) Return to the Solve step .

I Although pure ly in—core operation is generally preferable , most

of the computation for large problems will occur in the Solve step.

The interspersed file—handling should therefore incur relatively

ne~ ligible cost.

I ~~
;

1j

r
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X. ~yste~ I aI ) !~nat ion —— 11*! 1 r ~~~~~~

Th U; ~~c ~ ~on ‘~: t r n t ~~ Lh~ •I Control re quired to c ompile ,

run a n i  mod i fy M L ~j (J~ on an IH~1 y~ ~~~ or ~7() op~ rat Lnj~ ~j i  Ic~r

O~ . Some of Lh~ p ~ -nr1~ te ~~~~~~~ n~ y ~ pe~ ~
] I ar to OG/V[~ and/or

t~ p art lc i l ir  I ur~~al]  a1 ~on ; t  th~� ~t~; ifosJ I i near  Aca~e1erator Center.

iar ious  NA~’~G~ arid \JOUJT~IE names rn~y also need to be altered .

Iowe~~ r , ~~e a i n  requi rn~~ ts should be apparent.

p

X.l .  To Compile ‘~I~1OG a nd Gave the i~esuit ing Load Module

Ir ~ ~.k:is e:~~t:n to an executable prngram called N~~ Pf~ ft t
created as a member of the Partitioned Data Set ~alled WYI.W8J1v(S.IOA D,

which will reside on a 23114 disk unit called ~TY LOOA.

The compile l ime for 8000 Fortran sourc e card s using the

I~~ Fortran (H Extended) compiler w~th ful l p t G n i sn t i o n  is approxi—

mately 40 seconds on an 1PM 370/168.

. ‘
~~~ •JJ[: ~~~~~~~ I ~ ,s I - i [ i ; ; I - ~~~~

.
~~ j

E::Li _ t —i ~F THIL:1_ ,~:.p1r~.1.1 • I— i i~, T .  - 0 ‘JIIIF •Ht j~ HIj~ i }

P i1R TF’ FT = [ j i j r ~ir ~1’
Fiip1Tj r • ~= ‘ :  1 • .i i i  I l~ i~~l~ ~~‘

• ~-F’ :~Pr . ‘ - i i

F :I rt ra r, ~~ :u rc ~~

~~~~~~~~~~~~~~~ I~[i 1_ :;r I : . .~ , ’I . . . 1 : : , ., ,! ,Ijt I I 1~~t l [ : I
~ ‘IJL 1

/ L i::E=’.I~ECFr•1=IJ~ LI~-FI: t ii

~~~~~~~~~~~~~~~~~~~~~~ ..~_ : L  
—

~~~~~~~~ ;,h i:, Ii L’I~’ 4
EM TRY MAI N

NL PPS~H
- 4
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1’
I ,

— 
X.2. I ~~~ ~INO

The follow I ~~ job ft ;~ i1 t •~~~; ~~ r i ’na ’ i r i ~ be load ~rodu 1~

~roated by th~ prec eding ex;ssp i~~, ~r by t f i I  examp le ft Section X.1+.

below . Note that  the DIIN LV~~ of the form ‘FTninFOOl ’ do not have

the i : i n l  ‘ 10. ’ a ttached , because the EXEC card :pe~~i f i e s  NLJ~PC2V1

~ Lre I t1v rather than through a Cataloged Procedure .

I - The 5rd and bth cha racters in e~ Th ‘FTnnFOOI’ i NAMI refer

to f~ ie niunThe rs which are used in Fortran i/o statements such as

P : A G (an , f ) .

I FTO5FOO1 Refers to the card reader.

FTO6FOO1 Refers to the printer.
L

FTOSFOO1 Def ines  the scra tch file. Note r~b at  the logical

11 record length is L C L ~R , not I J G C L - 30.

-
~ FTO9FOO1 etc . refer to various basis and data f~ les as required

for a particular run. Note that D1SP=.SHR implies

that a file already exists (as does DISP=OLD) .

If necessary some d ummy f i le should be set up before

the run . Otherwise , DISP=SHR mus t be rep laced

by DISP~ (NEW ,KEEP) and appropriate DCB and

SPACE parameters must be i e f i nc I .

S
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1

~‘.‘ .ji _IL: ,i I~ 1I: =~. _ I ,I q~~~~~I~~~~~I l t : I I  , I ! ’ ., I I _ EI . IE: I_ I I

~1 I i~fr3 E:~:E: F ’3 M=r -fl • FF1i1 t
• -~s::TEPL. 10 DL’ OSH=WYL . w~~. it : - . LtH EJ ,U i ~~~ •

~~~~~

FTII,.FuI ii 1 DL’ y,~~I:IIj T=H
= I~ Fi FIt=I- F- A . 1_ F- Fl L= 1 - LI i r — ‘-~~~~ I i i  i~ I

s FTI:i~ :FI:IcI 1 [II) lj t i IT .~ ’,;~IJF~,5PAlT :E=1: T 1 I; . ‘4, -i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
f T’’ — IFIII , 

~ j[i li4 ~ T I , 1 1 1  ‘ 1..— E F  I ‘ i i ’  1 I I I I  I I
OIi;P=:~.HF

•.— . FT 1 O F IJ O  1 [ [:1 _l I i j T .~L I 1 L I  ~u It L~~L I : F : I F r c l  I ,Lt ~N~~JY L. UJp: . ~~~~~
- . ~~~~~ ( : 2,

0 I ~. ~. HP
FT1 1 F’’ui 1 ILl I It l jT=Li I —~ ,‘ ‘i_I~~— — EF= F~ii’ 1 . i~~ - 1  I I i~ iiiii

UI~ ,P SHP
/ETII ‘~F’:’ 1 00 *. 

-

SPECS

FIPS dat -a , i f  IMPIJ T FILE 11 rio t u~~~.1 ~- 1 1 i - - I ’ I I I

A n y  dat -a r~~ u i r€ ~ r’4 ~~I.L~~r I:Iut I Ct~~ •~~1LU

+

X. 3 .  To Com~ile CAIEFG and Other Subroutines and Link to MINOS
1
~The following job shows how to link one or more new or altered

subroutines to MINOS and run the resulting program . This mode of

operation is norma lly used to include a user ’ s own nonlinear objec-

tive subroutine (CAIJJ FG) or to test special versions of some of

the subroutines in MI NOS.

In the Li nk Edit step , the two XL IJ3 card s refer to an I
existing load module. The new load module is not saved .

1
I
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• F
• I ( ‘ lb I , 1 1  ‘1: I - ; j H I •: ,— 1 , I i  I 1 •

I LI i I I HI.THI LIj,I H fj l  I I  II 
~~

—‘— .H rIHI l ii i  1 1 1 1 1  I I
F iIF’TPF’T :IIIJIiI1 , ’ • 1J F: I F  F T~-iII.IIlt ’ l’ ,

• I •
~~-•~

• • F I:I~~TTIr’ 1= I ,~~ II • ‘ •
: I , T i I I  I

. -~.I: I_I F .T ._ . .I~~ Ii ~

F , r t r a r  I ’ ’ U r , : ~~• t : r  . i. .~~~~~iL1r : 1 .1. 1 1 r 1 ~~~ ..

ii EL. LIE: It II =W• ,’L. . ~ft: . • . Lui -i Lt •L’ 1 : 1 -  — I F
LI ED. ‘:. :.I H ii’ ~
I NC:LIJLIL : I E : :  1L i F ~,H
ENTF’ ’I ‘iA I ii

.4
I ,’ I FT .F I ’ I I  I LID 111111 rH F HI I ~

— I IF F , . i
• - LI,::E:= I:FEC:Fl’l=FF,LF: EI::L.=~ : •E;LF:~iI,~E.= ! . I H

i l l  F T I ’  ~F I ’ I I  I ILl lU l l  t~~I I 1  F 1 1 1 1 1  —~ EI.~ I Fin’ 1 I Ii~~tl ‘L I I— I i LH I_ i
[iI5F’=~ HR

I i i l l  III 1 [I liii I T= ) IT F 11 , 11  LI— —— I F Il~ I 1  ri  i i  i... I. J II E i—$ I —

LI ISP = ’— H P
~ T i  1 1 I I  1 I I  I liii F —- ’ i t _ I ‘ I I I  EF~ i_ F i l l  1 r1 — ~ L I  9 ii _ ii III— [iliTFi

D I~~P=~;HP

r • - ‘.,i.:i. ~ : I F-I LID ~

P SPECS

FiF~E; d~~t~a ,  i f  f~IPIj I F I L E  ii i t  j~~~:~~~~~j  ~iI.~~T I 1 - l ~I I1  • t~~ n _ ,
~~~~ .t

Hri~ lat .-a r’~~u.i r~. .1 c~ rIJ t l r :,.~ 1 ru . • l :IL I  F- Il,

/4

X.~~. I~i C r eate and ~‘eve a New Load Module

i’l In this example the LKED.SYSLMOL) card specifies where the

new version of MI~IOS is to be saved . About 140 tracks of 2314 disk

are required , or about 20 tracks of 5330 d isk.
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1

i t ’ nui I~.:s:1r ,i, any o t n j n i s  t • 1- -sks (& ~.g . , from as::.:sI l ly Iar , , r ] aJ~~.

v ’ r s ion. : of ~~rta  I I  A l l  m I t , ines)  shou ld he inc1u~1ed I 1 ti ly

a f t . c t ’  the J~~, I .~~’~ IN card .

JI_IE: , T Ii 1k ~1 l.I , I : ; 1 , .l . I~~[I.:ItI~~, G ~- .l ,: 1 H! L ’ ’ E L~ — 1  . 1 1 . 1 —.
IL : I~ T F:IT lF.rI~I:-L_~~F: I~F.F.1~~F I:IF i ~~~I~~~~ :t ’ .: i i, I !, - tF , 1 u i ~~. .II. - i 

~ .

FI:IF.’TPPT=[lIJr1M’ ~
LI ELIEFT [iiJt 1H’,’
F 1 1 F T T I ’ I _ ’ ’ ; :  , 4 1 I  • 1~ 1 1, 1 11  I•. :-~~f • ~.1

In DLI ~

Fcu r- t r
~~~r, .ur :t  f , : r r 1~~~.i ~ j ~

- ’t  .:.u~~

.4
‘ — I _ I ED. _ Y:LI I i . i[I I ii’ I i ~ .II W’ f’L. ~Li. C l i . l ull 1 .1 _i l l  ( I  : 1 _ I 1 1

LII_ E =  F- E l  F l1~~ll LI H L ~~._ l ’ •LLF I I _ i

.7 ~FAc : E= IF-F- ~~~~~~~~~~~~~~~~~~~~ •‘ , ‘. L :E .
-1 ELI . LIP: LI E’ 1.s~-N~ W ’ ’ L .  1.1::: . Ii::-: .; . UPon .

‘ L I  ELI . ~~~ 11.1 LII: 4
1I-1,:LULIE I LIE: I4t_ FP l~I1 -

E FIT F’ ~TA IF-I
riLPPI~r1

4

Note that :

-—the old load m cxiule library (WYL .W8.MxS.L OAD ) is assumed to be

CATA LOGed on the appropriate volume (e.,~., WY LOOA as in the

first job)~ )
--the new load module library has the same name and must therefore

reside on a d i f ferent  volume , in this case WY LOOB~

1
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—— 0 .‘ ‘mv -.~ of f t  : -  ~ execut ‘U le p~ e ’ : : m  is ‘r iso the rime as

at ’ ~) r~ (U II’!’ IM ) .

J t ~ p r~~se he: ’e t ’ i ’.~~’ - i - : l.i.e:i H’ Phi i~~w z r r :~~on of

‘~IN0~ t .r mspr ment ~ to t h e  pre y : nis twi  ~i : , wh i ( :h ur whatever

‘f er ’s i~ : h ’p oen ’ - : r  ~er riJ  - S : :~~ ~he ::ys ln . r J : CATA LOG. It s F c ~ U

: . w  r e  pOss thui ~O t :~‘~ 
- ~ co~ r nnd  of the 1 i~~~:~

RECATA 10 tk)A1) 011 :;j 1 OLD

on th~ loc al tes’:n~ n ai  sys tem, and the deed will he done .

If th . n required termina l system fac i l i t i es  are not available ,

the followi:tT mu illustretes how th e  RECATA IDG operation may be

accomp lished us in g  JCL alone . The point here is that the new

loa l module can be cataloged only if the old version is uncataloged

in a prev ln si  job step .

11.
I j

._I_IF:: ,T I l I~ .~~: i:l • I i . : •~~l _ i j j i : r l~~:~~i.i: , i .
~~— i n I F 1 1 ) 1 : _ I , •1

i:L E:•--:L I P’FnTH IL .FHF: F I .  F I F T =  ‘iIIPI~~~ :’ ,I IlI I’Ii-4F . t I I  l’ ~~(ii I l l
• 1. FIIF’TFF’T=[ILIIIF1 .

LII E [IF F’f=I;lI_lI1F’I’ ,
I:I:IF.T1Ir.I=~~, : ,  ,‘f I I  I ’ ,5 t F ’ T I t l F. ..III. II

I ‘F I I It I’ IT I [I Il  11 Li $ I I i t—I l ,  Ii I —
~~ 0— 11111 l i i i

. , , , p T . ~~ , I,l I II  4

E l

r.
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‘I

F : .rtra n , ~ e’i r c~ f ’:’r iI~~~~$ j~~~r i j ~~~ s :~~

i
.- - - — i__ i~ EL.l _..~~LIIIl[I [I[l ITI 1_;t1=Il’’I . . I : : , - Cl : :; . Li_ i l O  • lilil l ~ ~~ :1 .

[t I’~;F~~’ FlEW • I :A T L I j ) • ‘ ‘i _ I L - . SEP.~W ’L I~lj E: —

_Il E=’  Fl- I F F1 —lI ,LI-Ll L L I I  .FLI I =:~ 5._ i I  ,

:~,pAC.E= IF-I: ,I ‘41) ~ :- , I •~

..LI:.:ELl .~~LIE iLl L_ ,:I;rl ’i’L.I.1:::.I C:u. .LPIlRrI ,IJI .I~~— — .I—-I l-:,
(_Ifl I T=I II F ~l1I IL— I. FF— 4 ~_ L F lii ‘F I_lI ft H I

.-~~LI~ELI . :1
: i i  I:lLl ~ 2

I r-1l::Ll_i[IL :•:L IL: tILFp,~t 1
EFIT F: ‘-? ii ~i i Fl
FlAME 1-ILPF’GM

4

Beware that the old load module will be uncata loged even if the

compile or link edit steps fail.

I

I
i
I
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I
Xi.  t~’ tl ier  xr t mp len

XI • 1. Ex ample 2 —— Ar: the or ustr a t rued Op t i rn  i i  a L i  on I ro!1let~

The O l J w i ’~ - i a t ’ i i l l u i t r u L e r ;  r r i n i r n ! z r t i c n  of t ij i  well

known Punc t i o t ;  (Dorrcr ibm n y k , 1960)

f ( x) = 100(>r ,) - + (1 - x1Y
’

- 
without  any ne~ emaI  l i n e a r  constr8 ints .

Notes

- 1. At least one “constra i nt ” is required in all problems. In

this case the simplest technique is tc include a fre e (non —

b inding ) row , called DIJMMYROW here . The basis matrix will
-. 

remain B I throughout , corresponding to the slack var iable

on the free row .

2. The COLUMNS sect ion contains j ust a list of the variable
F

names, end the RHS section may be null.

3. T h -  bounds —10 < x . < 10 are included via  the bound set BNDX ,

mainly as a matter of ,‘ood pract ice.  (Their presence does not

imply addi t iona l work.)  A uniform set of f- lit , : kind could also

le requested by the SPECS carW-

-. LOWER BOUND -10.0

UPPER BOUND 10.0
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r
FUMCT I Ut I At-ID GRAD I Er-Il C Al l: UI_ t~ I t :r  I (for example 2)

;U~ ROUTIN E LAL I.FA ’ : 1,001 ~t 4 . 1 1 , ’- , I~ q I l: .’IAIU ~t-I F F’IIIE:

It •1PL IC: IT REAL4~:~: A—H r i _I- - . ’

F:EAL+t E: : : . r - I .~,F , j . r-I

S E:Arli-itIA El iF-II::T Ii:,ti
I _ — _ ._ — — .—

— :- : - 2 -, -_ 1 . .  1 1 
~~

T =  1 . u  — -:1 1. 1
F = 11:0 .045+42 + 1 4+ 3
131. 1 :  = _

~1i:l I:I . lJ* :~.+: :-: ; 1 H I J 4 F
I] I 2 )  = 2(10. 0+5
PETIJR H

El-IL’ i:IF CHLCFI3
E11[I

SPE’::S 

E:EG I F-I F :OSEMBRO CF ,

I TE RAT I UrIS I 1:1 11

MOFILIFIEAR “APIABLES
~;I_IpEF:E:AS ICE, 2
HES:3IAFI Dir - IEHSIC ; ; 2

L IMESEARCH TOLEF’Al -l I.:E I .  • 1
ErIC ’

t’1PS DA T A

F~USEr-4B RI:,c:F
P1:1W 8

F-i DIJI’1l’1’-1’ROW
‘ .t) L lJI!I-i~

;

RHS
soul -los

LU BtiD>~ ~ 1 — 1 0 . 0
UP B~lD~-~ x 1 o . ii
LU EIHtJX :- -:2 —1 0 • C’
lJP 51-lOX : ::2 1 0 .
F:-: Ir’II T IRL :~i _ 1 . 2
F:- -: IMI1IAL - 2  1. 1 .1

EMDHT A
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r
It .  T 1mn ~ TN I T IA L u u i  set iliustra t,es how the start ing point

~
‘ i’ x~) = ( _ ! . ~~~, i.n) may he seH f ied . P i r u n e  the limi t

on STJP~ RBASIC~ is s u f f ic i e n t l y  h i : h  (~ here) both
x~ will initi ally be supert.asic at the specified values.

5. If the INIT IAL bound set were not used , x 1~ and x~, would

initially be nonbasic a: the smaller of t h e i r  bounds ( in

ab solute m agn i t u d e ) ,  in this e~~si-~ the upper hounds 10.0.

6. If the user wished the var iab les  f :  be r en u i : . ely unc onstraisesi ,

the following hounds would have to be used :

I

BOUNDS

FR FREE Xl

FR FREE X2

FX INIT IA L Xl —1.2

FX INITIA L X2 1.0

I where the INITIAL bounds are again optional. If the INITIAL

j  
- 

bound s were absent, x1 and x
2 

would both he regarded initially

as nonbasic at value zero.

XI.2. Example ~ —— A Quadratic Program

The following data illustrates solution of the quadratic program

-- l T  Tminimize — x Q x + c x
lj

aubject to Ax ~ b, x ~ 0
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r
Fur-I’::T I i:u-j AlI LI I~j friii I I El-I T s.OI _C.UL 1 r i i t - i (for example 3)

SIjBR1)IjT IF’IE C.l1L,1:l- l~
... 1 1,3 1:1,: q U r , ’ ,:- — q F~~.. J ’ ’ I l : •HI t~’I.it l

IMPLICIT F’EAL+2~ H— H , Ii- -~:’REAL+S :-:~~i -  r F i u . I II
c :’IlM’:’tl I~I 3 • 3 I

C ,:0MpUTAT ICir-l iF F 1 - : ’ ,- .l ~~~~ o*:: ~‘:‘F’ ~~~~~~~~~~~~ 1’ .
THE ,_i:IMI’lor- I :.TATEI’1E1IT Al -I C’ ‘ -IJE IPOUT I F I ~ ~F:i C APE Pf:uiE:LEF’I
EIEFEMC’EFIT .

ç

— 
IF ‘: r-i — ;T HT F . Li’ . 1 s CFILL :~ET I_ ’~ • i-l

F = U . U
LII 30 i:i I = 1 II

S = I_i
00 100 .J = 1 1-1

S = u.~ I , .J ~
. + lI I- I + :.

2(1 ‘i ,:;Ur’IT I 1-It_IL
F = X -  I 1 4 ~, + ~-

=

300 ,::,:,r-IT i FlUE
I— 

F = 0 . 5* F
RETURI-1
EtID

::.PECS 

E:EGIM QF’
I TEPAT 101-IS 51:1
riot-IL IHEAP ‘..‘AP IABLES 3

EHO

riPs ORTi1

tIAIIE UP
ROWS

11 IL
L A

COLIJMIIS
:< 1 ‘:. — 8. u A 1 • U

C —‘i~.’i A 1. u
A

PHS
B A 3.0

Et-IDATA
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1
I

r ir ’ tn~ pa rt i~’u Io  r -tate

1 11 2 2 —8

Q =  2 0 c~~ —6

2 0 2  _14

I
I A r ~~~[ l  1 2 ]  b =  3

I Notes

I
I. The vector c is inc luded as a free row in the constraint

matrix , as in standard LP.

2. The ~ shov n above may of course inc lude all forms of inequali ty

as des ired .

1 3. Often Q will not involve all variables. In such cases it is

preferable to order the variables so that the nonzero rows

and columns of Q are grouped toc~ethe r thus :

I
I 0

I
I j The number of NON LINEAR VARIABLES and the parameter N of

subroutine CALCFC will then be the d imens i on of’ ~~ .

1 109
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I~. It is assumed t h at  Q is initialized by some subroutine SETQ

during the f i r s t  entry t s i h r — n t i r i e  CALCFG. The C~~~iON

statement is also problem—dependent (and is included to ensure

that  Q reta ns its values for later entries). Otherwise sub—

routine CALCFG is suitable for any quadratic function involv —

ing the first N components of x.

5. Beware —— if ’ c ~ 0, the factor 1/2 makes a v i t a l  d i f fe rence

to the function being optimized .

6. The optimal solution Is

x = (L3333, 0.7777, ~~i - J ~~

1 T 1~~ 8.2222

cTx = -17. 1111

objective = - 8.8888

XI.3 .  Example 11 —— Linear Least Sauares

Data—fi t t ing  can give rise to a c onstra ined least squares

problem of the form

minimize fjXx —

x

8ubject to Ax ~ b , 2 ~ x ~ u.

110
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— — .— —

I
I

TIds m ay be so~v-d w i t h  M I N ~3~~ by expressing the problem as

i TI ~i i n i m i z e  —• t’ r
2r’,x

I A r
sub~ect to

~] [~] = L~
]

I r “free, ” k < x < u

I 
____Notes

1. As usual, Ax > b may include all types of inequality.

2. r = y - Xx is the “residua l vector , ” and rTr is the

I “sum of squares . ”

3. The objective function and grad ient are easily programmed as
- g

f ( r )  = 1/2 rTr , g( r )  = r .

I i~. Use of MI NOS in this c ontext is certainly not claimed to be

the most stable or ef f ic ient method known. Stability depends

I on the condit ion of a certain submatrix extracted fran

‘ - I IA 1L~iI
If it is known that  most of the variables x will be away frcin

iency couldI their bounds, etfic be Impr~~ed by using the option



j

p

MULTIPLE PRICE 10

(say) . This would allow up to 10 variables at a time to be

added to the set currently being optimized , instead of the

usual 1.

XI.~ . Example 5 —— The Discrete L~ Problem

An apparently similar da ta—fi t t in g  problem is

minimize lxx — y 1 11
x

subject to Ax ~ b I
where 11r111 ~ ~ r1~ . H~~ever , this is best solved by means of

the following purely linear program:

2~
maximize [ yT bT ]

subjec t to [ xT AT 
= 0

Ii

-1
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I
I

N ote s

1 1. The s o l it  ion x is recovered as the “simplex multipliers . ”

1 2. The op t imal  value et ’ lxx — y~ 1 is the sum of the absolute
R v a I u e ~- of the “reduced cost&’ ~ssociated with 7~. (It is also

I tb ’ : max imal value ~ yT~ + bT ,~ .)

I 
3. If a pa rt icu la r  row !n A , b is required to be an equality

constraint, the eorrespondin~ component of’ ~ should be a

I free ~nriab 1e .

l~. It doe r not appear simple to inc lude the bound s £ ~ x ~ u

except as part  of Ax > b. In such casé~ i t  may be best to

solve the original problem directly as a linear program , thus:

I
I minimize [ eT eT [ : ]
I
I! subjec t to 

[~~~~~
:] [~

] 
= [:1~I r~~~0, s � O ,

I where eT 
= 1 1 1 ... 1 1.

1 
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XII. Conclusion

XII. 1.  A Word to the Linear Programmer

Those f a m i l i a r  with r omme rcial mathematical  prog ramming

systems will have noticed an absence of’ the usua l algor i thmic options

(dual simplex method, GUB, parametrics, etc.), not to mention the

normal wealth of data revision and file handling capabilities . How-

ever , It should be clear that M1NOS is intended for use as an

extens ion of suc h systems , not as a substitute. Certainly the neces-

sary constraint  data  can he prepared and revised us ing standard matrix

generators and the above—mentioned faci l i t ies .  In fact , we would

rec ommend that any sizeable model be thoroughly “debugged ” as a

pure ly linear program , us i ng either MINOS or (preferably) a commercial

system. An appropriate set of’ hounds can be used to f ix  the nonlinear

variables at plausible value s -i’lrir ig this debugging stage. The f inal

optimal solution thus obtained will ~eneral1y provide a good start-

ing point when the nonlinear objective i 1nt ~-od uced and the bounds

on nonlinear variables are relaxed. (In this context it is essential

to follow the suggestions of Section VI . )

Note that if the constraint data has already been debugged ,

the INITIA L bounds set of Section 111.2 allows this f ix ing  and

subsequent freeing of nonlinear variables to be accomplished aut oma-

t ically within a single run . J

.1114 
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XIi .2 .  To the Nonl i near Prp~r~pi;ar

Nonl inear  progr amming mTsh t reasonably he expected to inc lude

nonlinear constraints——another v i t a ] . :‘ihjeet  whish has received no

mention h~ re. In answer to this point we can only say that there is

someth ing fundamentally special  nhau~ linear cL -~nstraints, namely that

it is poss ible to stay ~~ them with relative ease. In implementing

MiNUS we have ‘~hown that  a si:~n if i ca nt  class of large—s cale linearly

constrained problems can be solved with only moderately more effort

than would be required by a linear program of the same dimensions.

This situation changes dramatically with the slightest mention of

nonlinear constraints (unless perhaps they are included as penalty

terms in the objecti~~—— a strategy which normally leads to ill—c ondi-

tioned problems and/or crude approximations to the solution).

To illustrate, the Generalized Reduced—Gradient method of

Abadie and Carpentier (1969) is -~i irectly analogous to the reduced—

gradient approach used in MI NOS, but an order of magnitude more work

is involved (for the more general problem) in maintaining feasibility

p with respect. -to the nonlinear c onstraints.  Recently, a derivative of’

MINOS has been developed (MINOS/GRG , Jam , Lasdon and Saunders, 1976)

with the intention of handling about 100 nonlinear constraints and

several hundred sparse linear constraints. As might be expected, run

I (( t imes on sir ~aLficant].y nonlinear problems have proved to be 5 or

10 t imes what would be typical if all constraints were linear. This

is not to discourage use of the system on real problems, but it should
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~or,’e to  in it r’ ;c Ore tb  - quantum 1 i f f e  r~n r e  he ~wet ii the two type.~

of’ nonl inear  pr ogram. A l u e r s a t i v e  i inp lement at io i :- rt u:~ be- p ’i r sseJ

t o  help narrow the -r ap .

ln t b ’  rn~::ni~im : , ~‘e ho t e that  for  many users, th’ fac i l i t i e s

now a v a i l a b l e  ~ui ~Lb~) .~ii l  prov~~1e a useful f i r s t  step into the

nonlinear worl d .

I

~1
I
I
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to run  on IBM 360/37C 99—100
use as subroutine 92-97
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MP S data , purpose 22
M FS , MPS X , M PSX /37 0 9
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Ordering of PPS data 27
Ordering of series of problems 77
Ordering of variables , in D U M P  f i l e  67
Ordering of variables , in PUNC H file 64
Output from MIlIO S, example Cf LI-i
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I Phase 2 30 , 79
I Phase 3 79, 81— 83
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PFCC !ED ING (ii basis file) l~9, 60
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Quasi - Newton method 10
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RANGES section in MPS file 28
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R educed function 14

I Reduced—gradient method 9, 111
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Feduced Hessian ap pr oxi m at i cn

I definition 10 , 14—16
estimate of condition nu m ber 18—21 , 81—82
ill—conditioning of 81—82
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specificatio n Cf d ire n ei cn 16—17

I storage of 43—44
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Re port Writer module , use w i th M IP 4O S 95—96
Resta r ting modified pro b lems 714 — 77
Revised simplex re thod , i~rplemen t a ti on ,t 8
R EWIND , in Fortran 92
PC , (in iteration log) 79
RHS (in SPECS file) 53
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Row tolerance , effect of changing 85
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SAVE FREQUENCY (in SPECS file) 54
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SB (in PUNCH/ INSER ’I file) 64
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Scratch file 92
Serie s of problems , or derln ç of 77
Simplex multipliers (in SOIU TICN file) 72
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Singularities in objective fur ~cticn 31
SLACK ACIIVITY (in SOLUTION file) 72
Slack variables , definition of 12
SOLUTION (in SPECS file) 511—55
SOLUTION file 34 , 36 , 68—72
SPECS file

default valu es for param e ters of 24-26
definition ot format 22—2 6
example of 25—26
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keyw ords 39—57
pur pose 22
synta x of 37—39
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Starting methods
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Subroutine to evaluate c l’ j e ct iv e t u n c t j - ) f l  (gee C A L C F G )
Super b asic v 3 ria bl es

I definition of 9
rcle in red u c ea—g rad ’e nt retbo r l 9
v a l u e  of con ceF t  in  l i n e a r  pro ~~l€m ~ 10

S U P F . R B A S I C S  ( in  S E E C F  f i l e )  5~

T A R G E T  ~T h J E C T I V E  V A L U E  (in 5UC S file) e5~ 56

I Ti ihteni ng of bounds , in restarting m cdif ie d proble m s 77
Tolerances

co l u m n  (TC) , ef fect ot ch angin g R~
for computi n g the basis f a c t c r i z a t i c n  84—86
f o r  irj n o r i n g  m a t r i x  c o 4 - t f i c i en - ’ s 40
for linese arch accuracy Li~ -146
for op tim i za ti cn in sub spa cc ~2—~ 3 , 82— 83

I selection f o r  a given p r ckle m ‘~ize and sparsity 86
P row (T r), eff e ct of cha n ging 85

too many basics specifi ed in LCPID file 68

1
U (in i t e r a t ion  log) 8C
UL (in D U M P / L O A D  f i l e )  67
UL ( in P U N C H / I N S E R T  f i l e )  €4
UL (in SOLUTION t i le)  72
UN E O U N C E E  (in basis f i l e )  € C

) Uncons t ra ined  op t imiza t i on , example  of use of M INOS for 105—107
I U pda t ing  of reduced Hess ia n  a p p r o x i m a t i o n  1 5 — 1 € , 149

Updating of LU f a c t o r i z a t i o n , tolera n ce f o r  86
UP PER BC T JND (in SPECS file) 56
LJPPEi~ LI M IT ( i n  S O L U T I O N  f i l e)  72

I Va r iab le—met r i c  method (sec ~uas i-N ev tc n methcd )
[ P Va r i ab le  types , i m p l i c i t  88

Var iables , state of , indica tcrs  in  ba sis  f i l e  6 0 — 6 1
V E R I F Y  ( in SPECS f i le)  56

Weapo n assignment pro b lem , used to i l l u s t r a t e  ba sis f i le
formats 58

WEIGH T ON OB JECTIV E (in SPECS tile ) 57

I (parameter of CA LCFG) 32
AL (in PUNCH/INSE R T file) 611
XU (in P U N C H / I N S E R T  t i le )  64

Z , matri x , definition of il l
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